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PREFACE TO THE SECOND EDITION 


Those only who prepare books of the character of this realize the rapidity with which material 
for them accumulates. The author would not have believed, in advance, that, after an interval of 
three years, so extensive a revision as the one here presented would be necessary. Ignoring many minor 
items, some of the following subjects appear in this edition for the first time, others have been rewritten 
in the light of additional information and still others have been sufficiently expanded to justify their 
mention here. 

Thrust Bearings; Knife-edge Bearings; Roller Bearings; The Critical Speed of Shafts; Tandem or 
Riding and Steel Belts; The Geometrical Progression of Speeds; The Strength of Spur and Herringbone 
Gears; Chordal Pitch; Gaging Gear Teeth; Cutting Bevel Gears with Rotary Cutters, including Parallel 
Depth Bevel Gears; Modified Addendum of Bevel Gears; Axial Thrust of Bevel Gears; Skew Bevel 
Gears; Practice with Friction-Gears; Worm Gears; Roller Chains; Friction Clutches; Spiral Springs of 
the Watch-spring Type; The Wire System of Measuring Screw Threads; Sizes, Properties and Strength 
of Wire; The Capacity of Horizontal Cylindrical Tanks, Full and Partly Full; Weirs, Rectangular 
and V-notch; Standard Pipe Tables; Pipe Flanges and Fittings; The Measurement of Tapers and Dove- 
tails; Forming and Other Tools; Press Fits, Straight and Taper; Balancing Revolving Parts, including 
the Technique of Running Balance; The Floating Lever; Velocity and Force Relations in Linkwork; 
Permissible Cost of Special Shop Equipment; The Weight of Solids of Revolution; The Diameter of 
Shell Blanks; The Power Consumed by Drilling Machines; Taylor’s Cutting Speeds; Hardness Tests, 
including the Relation of Brinell and Scleroscope Hardness Numbers to One Another and to the 
Strength of Steel; Heat Treatment of Steel including the Relations of the Heat Treatment, the Degree 
of Temper and the Physical Properties of Carbon Steels and the Heat Treatment and Properties of 
Alloy Steels; Temperature Equivalents of Temper Colors; Materials for Steam Boilers and the Propor- 
tions of Rivetted Joints; The Discharge Capacity of Safety Valves; The Properties of Superheated 
Steam; Steam-pipe Coverings; Approximate Beams of Uniform Strength; The Strength of Columns; 
Materials and Constructions for Resisting Shock. New tables will be found in many of these additions 
and also in the last section as follows: Whole and Fractional Inches Reduced to Decimals of a Foot; 
Lengths of Circular Arcs; Cutting Speeds and Revolutions; Decimal Equivalents of Prime Number 
Fractions; Square and Cube Roots of Binary Fractions, and Chords for Spacing Circles. 

All of these additions fill gaps which needed filling, while many are fundamental and unique. The 
prominence of graphical methods has been retained, some of the added applications of graphics being 
not only time savers but, in themselves, elegant and new. All of the information contained herein, 
both old and new, is believed to be useful, definite and workable, much of it not readily accessible and 
a considerable portion of it not in existence elsewhere. ‘The collection of design constants to be used 
with the rules and formulas is believed to be larger than any other, while special care has been taken, 
in all cases, to name the units to be used in connection with the formulas. 

In books of this character there must, of necessity, be some overlapping of contents, but the aim 
has been to include subjects which others have ignored or treated in a fragmentary or otherwise un- 
satisfactory manner, while matters of common knowledge and constructions having an academic 
interest only have been omitted. As it is the intention that the volume shall not become a museum 
of antiquities, superseded material has been rigorously removed. 

As the revision has gone on, the shop character of much of the material included, together with 
the impossibility of drawing any line of demarcation between shop and drawing office information has 
become more and more apparent, and the title of the book has, therefore, been changed to one which 
more clearly indicates its real scope. Except to make room for something better, nothing of interest 
to the designer and draftsman has been omitted, but, on the contrary, much has been added as the 
above list of subjects will show. 

Defacement of the alignment charts may be avoided by the following excellent expedient suggested 
by S. C. Bliss (Amer. Mach., Apr. 22, 1915): 

Obtain a sheet of thin, transparent celluloid about one inch smaller in each dimension than the 
book page and roughen one side with a piece of fine emery cloth. Place the sheet over the chart with 
the rough side up and rule the lines required with a soft lead pencil. The lines so ruled may be re- 
moved with a pencil eraser and the sheet thus be used indefinitely. 


October, 1916. 
v “ wi \ L 
Are UNIVERSITY 
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PREFACE TO THE FIRST EDITION 


As an editor, the author’s heart has often ached at the manner in which contributions to tech- 
nical journals of permanent value and usefulness form a procession to the limbo of forgotten things 
and benefit none but those under whose eyes they happen to fall at the date of publication. This 
volume is primarily an effort to rescue from the oblivion of the out of print such contributions as are 
of direct use in the design of machinery. ' The search for material has not, of course, been limited to 
periodicals but has extended to the transactions of many engineering societies, wherein information 
is nearly as effectively buried as in the back numbers of periodicals. In filling the gaps that remained 
after the search was completed, willing friends have come to the author’s assistance. 

Not only is this the way in which this volume has been prepared, but the author is convinced that 
it is the only way, and, more than this, that there should be deliberate co-operation between con- 
tributors, editors and collectors, with efforts focused on books of this character as the ultimate outcome. 

To be more specific, the author is under no delusions regarding the many things that should be 

between these covers but that are not, nor of those others of which the data presented are inadequate 
_ but, now that a place has been provided for the preservation of information of the sort here gathered 
together, he hopes that increased activity in the preparation and the publication of such information 
will follow. He will certainly be glad to do his part toward the incorporation of such information in 
future editions. Assistance may be rendered in other ways than by preparing contributions. Wide 
as the search has been, it is not possible that all of the articles and papers that contain desirable data 
have been discovered. Those who know of such sources of information are invited to forward memo- 
tanda of the places where they may be found. 

Due credit to those who have supplied material will be found scattered through the volume. 
From the many who have given willing help it is almost invidious to make selections, but the author 
feels that it would be an injustice not to make special mention of Mr. J. A. Brown, Mr. Axel Pedersen 
and Prof. J. B. Peddle. F. A. H. 


NEw York, 
November, 1913. 
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MECHANICAL PRINCIPLES OF DESIGN 


“When a thing is wholly right it is pretty sure to look right, 

though it may be pretty bad and appear to be fairly good or be 
absolutely bad and not appear so to the casual observer. 
When a thing is known to be bad and it looks right to an observer, 
it is time for him to cultivate his taste. When a thing is 
bad if carried to an extreme, it cannot be right when carried only 
part way” (Professor Sweet). 


Equal Length Wearing Surfaces 


“The thing that does not tend to wear out of truth does not 
wear much. The thing that wears out of truth is never 


\ Valve Rod _ 


cr Eccentric 
Rod 


Hie. 3. 


FIG. 4. 


machine wears in the same way and for the same reason. In both 
cases the conditions favor local wear. Were the stationary and 
moving pieces of the same length, neither would wear hollow, and 
truth in both cases would be indefinitely prolonged. With this con- 
struction, local wear being impossible, the form, and hence the fit, 
are preserved indefinitely. 

Applications of the principle are shown in Figs. 1-5. Fig. 1 shows 
the equal length guide and platen of a Becker milling machine and 
Fig. 2 the head stock of the Newall measuring machine, in which 
latter the principle is especially important. The measuring screw 
a and its nut are of the same length, by which local wear, which 
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Fics. 1 to 5—Examples of equal length wearing surfaces. 


right long and never gets fixed until it is too bad to use” (Professor 
Sweet). 

Next to extent of wearing surface, the chief essential of dura- 
bility is fit. Whatever destroys fit limits durability. The chief 
enemy of fit is local wear, because local wear means change of 
shape and hence loss of fit. Conditions that favor local wear favor 
short life. 

The stationary cross rail of a planer wears hollow at the center 
because it is most used there. The moving platen of a milling 


would destroy the accuracy of the machine, is prevented. Figs. 
3,4 and 5 are by Proressor SWEET (Amer. Mach., Nov. 17, 1904), who 
originated the principle. Fig. 3 shows the usual and bad construc- 
tion of steam-engine valve-rod guides and Fig. 4 the correct construc- 
tion in which the sliding surfaces are of equal length. Forty or 
fifty engines made in this way showed no wear after twelve or fifteen 
years of use while, should they wear, the slack can be taken up with- 
out refitting the wearing surfaces. Fig. 5 shows an application to 
the slide valve of acommon steam engine. As commonly made, these 
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valves have the seat so long that the valve overruns but a shor’ 
distance, the construction being due to the impression that in- 
creased surface gives increased life. This is bad practice, as the seat 
always wears concave. If it is designed to have the valve cut off at 
three-quarter stroke, the lap of the valve will be one-quarter the 
travel. If the ports and bridges are also one-quarter the travel, 
then by cutting away the valve face until it is only as long as the 
valve, as shown in Fig. 5, there will be the same wearing surface on 
the seat as on the valve and the two will remain straight and keep 
tight much longer than if made the common way. 

There are cases to which the principle does not apply, an example 
being the beds and tables of planing machines. Here the chief load 
on the V’s is the weight of the table which is not very stiff vertically. 
Were the bed and table of equal length, the flexibility of the table 
would lead, as it overruns, to a concentration of pressure at the ends 
of the bed and near the center of the table, leading to wear of the bed 
into a convex and of the table into a concave shape. In this and 


and that is not apt to be done; while, if cut away too much, the result 
will be no worse than if cut away too little by the same amount, 
that is, it will still be better than if not cut away at all. Like the 
factor of safety, the amount to be cut away is a matter of judgment 
at first and of experience later. 

In all cases the wearing surface of the guide should be cut away 
so that the slide shall overrun at the ends. , 

Assuming that the use of the head at different locations is pro- 
portional to its distance from the center of the rail, which is not far 
from average conditions, the correct method of laying out the 


widths of the parts to be recessed and of those to be left as lands © 


is shown in the diagram below the cross rail. Draw the diagonal 
line across the guide surface. Locate the edge of the first recessed 
portion at a, when the distance from a to b gives the width c of the 
space to be recessed and the distance from d to e gives the width f 
of the land. Similarly, gh and ij give the width of the next space 
and land and so on to the end of the rail. The recesses are, of course, 
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Fic. 6.—Bearing surfaces in proportion to use. 


similar cases the bed should be the longer, F. A. Pratt’s rule for 
planers under average conditions being that the length of the sur- 
faces should be in the ratio of 17 to 12. 


Equalized Wearing Surfaces 


There are other cases in which the principle cannot be applied 
for obvious reasons, examples being the cross rails and saddles of 
planing and planer-type milling machines. In many such cases, 
including these examples, an alternative construction (also due to 
Professor Sweet) is available. As he has put it, “when conditions 
are known, flat guides may be made to stay flat and when condi- 
tions are not known, common practice may be improved.” The 
principle here is to make the wearing surfaces proportional to their 
use. Fig. 6 shows this principle applied to the cross rail of a travers- 
ing machine, which is primarily a vertical spindle milling machine 
of the planer type. In the case of a planer the head on the cross 
rail does not move under the cut, whereas, in this case the head 

travels across under the cut. Hence, it was found that the cross 
rail wore out in the middle, and the cross rail was recessed as shown 
by the shaded sections, thus reducing the wearing surface where the 
head is used the least and equalizing the wear. This principle can be 
applied to great advantage wherever the wear is unequal. The 
exact extent to which it can be carried is undeterminable, because 
it is impossible to know how much the machine will be used with the 
head in the center or at the ends, but, as the surface is cut away, the 
result will be progressive improvement until too much is cut away 


shallow—the principle is to get rid of the wearing surface where it 
does harm. 

In Professor Sweet’s traversing machine, as first made without 
the cut-away feature, the rail required refitting after two years’ 
use, while, after it was cut away as above, it ran six years before re- 
fitting was necessary. Similarly a shaper slide, as first made without 
the cuts, required refitting after two or three years’ use, while after 
being cut away it ran fifteen years. 

Another illustration of the principle that things that do not tend 
to wear out of truth do not wear much, is found in the Schiele curve 
bearing, which see. The principle of this construction is uniformity 
of wear and it has remarkable durability. There is no question 
that its merits are not adequately appreciated. 


The Narrow Guide 


The narrow guide was first used by Professor Sweet on his travers- 
ing machine in 1886. The cross rail of that machine is shown in 
Fig. 7. Its merits, as contrasted with those of the usual construc- 
tion, may best be realized by imagining the usual construction ex- 
aggerated in height, when its weakness against side tilting and its 
tendency toward local wear at the ends of the short guiding surfaces 
will be realized. Just as the usual construction is better than thé 
exaggerated illustration, so the narrow guide is better than the usual 
form. The construction is such that there is vertical clearance at 
the top of the cross rail, the weight of the head being carried by the 
gib at the bottom. 


Fig. 8 shows the narrow guide as applied to a lathe bed by John 
Lang and Sons, while Fig. 9 shows the natural development of the 
principle as adapted to the American V guide, the illustration being 
an end view of the Brown and Sharpe grinding machine. Professor 
Sweet advocated and practised the single V guide for lathe con- 
struction as early as 1876. Another application is found in the cross 


rail of the Bullard boring mill, Fig. 10, and still another in the arm - 


of the Cincinnati-Bickford radial drill arm, Fig. 13. 


Tubular Torsion Members 


“The box section is the best form metal can be put into to resist 
the various strains machine frames are subjected to” (Professor 
Sweet). 

The readiest way for the designer to learn the value of the tubular 
section as a torsion member is to compare, by twisting in his hands, 
two pieces of common pasteboard mailing tube, one complete and 
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The weakness of the slit tube is due to the absence of any pro- 
vision for the longitudinal shearing stress. If, to meet structural or 
operative conditions, it becomes necessary to cut holes through the 
tube, it may be done without serious harm provided ample metal 
is left for the shearing stress. 

The torsional stress on that member would make the bed of a lathe 
an ideal place for the tubular section, but for the necessity for get- 
ting rid of the chips, which makes the application of the complete 
tube impracticable. The Tangye lathe bed, Fig. 14, illustrates how 
the practical necessities can be met and most of the rigidity of the 
tubular section be preserved. Note that, in a partial tube of rec- 
tangular section, wide flanges aa are highly important. 

In planer beds, unlike lathe beds, there is nothing to prevent the 
use of the tubular section with such openings as are required for the 
gears. The continued use of the ladder bed for planers is due to 
nothing more creditable than custom and precedent. 


Fic. 8. 


Fics. 7 to 10.—Examples of the narrow guide. 


the other slit down its length as shown in Fig. 11. The difference, 
which is simply startling and can scarcely be expressed in figures, 
is not a matter of the material but of the construction. Relatively 
speaking, the same difference exists between a cut and an uncut 
tube of iron. No possible addition of material can make up the 
loss due to slitting a tube. Next to a lath, the very common I- 
beam section, while ideal to resist bending, is about the worst pos- 
sible distribution of metal to resist torsion. 

An excellent example of the use of tubular sections in appro- 
priate places is seen in Fig. 12, by the Beaman and Smith Co., in 
which both bed and upright are tubular. Another example is seen 
in Fig. 13, which is a section of the arm of a radial drilling machine 
by the Cincinnati-Bickford Tool Co. In the latter case the tubular 
section is combined with another correct construction—the narrow 


guide. 


The Division of Functions 


Many cases of improved design, when analyzed, are cases of the 
division or separation of the functions. The principle is of consider- 
able application and deserves to be recognized. 

The most common application of the principle is the well-known 
Pratt and Whitney pattern of turret lathe index ring and latch bolt, 
Fig. 15. Were the notches and bolt made of truncated V form, both 
sides would be equally concerned in the functions of locating and 
moving the plate, both must be made with equal accuracy and both 
would be subject to wear. In the construction shown, the functions 
are divided, the radial side doing the locating and the inclined side 
the moving to position. The result is that the radial side only need 
be of refined accuracy, while the wear is chiefly on the inclined side 
where it does no harm. 
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Another case is found in the loose center piece snap gage, Fig. 
16. In the usual form of snap gage, one piece of metal determines 
the size of the gage and of the piece of work measured. In the form 
shown, the functions are divided, the center piece determining the 
size of the gage, while the jaws determine the size of the work. Wear 
is confined to the jaws and, after it occurs, the gage may be brought 
back to its original size by removing the jaws and lapping them flat. 
Note that, if a limit gage is to be made, further division of function 
must be made if the full advantage of the construction is to be real- 
ized. One jaw must be divided as in Fig. 17, the limits being made 
on the center piece, by which plan both limits once made, are per- 


Fics. 11 to 13.—Examples of the tubular torsion member. 


easily be reduced by reversing the position of the hub as in Fig. 10, 
by Proressor SWEET (Amer. M. ach., Dec. 8, 1904). The improve- 
ment is obvious and it costs nothing. 


The Center of Pressure should be at the Center of a Bearing 


The neglect of this principle is almost universal and leads to the 
bell-mouthed wear of the bearings—that is to local wear which 
always leads to short life. The correct construction is not always 
possible, although it is possible in many cases in which it is not 
used. A common case of bad construction is that of the rock shaft 
introduced to provide for the offset of the eccentric and valve rods 
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Fics. 15 to 17——Examples of the division of functions. 
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Fic. 14.—Example of a compromise tubular torsion member. 


manent the lapping of the jaws flat being all that is necessary to 
remove the effects of wear. 

Another case is found in the Newall measuring machine head, 
Fig. 2, The functions of traversing and of carrying the weight of 
the parts are here divided, the screw a doing nothing but the travers- 
ing, bearings bc being provided to carry the weight. The chief 
cause of wear of the most essential piece—the screw—is thus removed. 

All these are cases of obvious improvement and they are all 
applications of the principle of the division of functions. 


Reducing the Overhang of Cranks 


The common method of making overhung cranks with the hub on 
the rear side, Fig. 18, leads to an amount of overhang whicn may 


of slide-valve steam engines. In the common construction, Fig. 20, 
the tendency is to oscillate back and forth around a vertical center 
line, wear the hole bell-mouthed at both ends and wear off the shaft 
in like manner. Fixing the rocker to the shaft as in Fig. 21 is better, 
as it not only throws the bearings farther apart but they are better 
lubricated as the oil can be introduced on the slack side. Such 
rocker arms are best when cast of hollow box section, as that form is 
best to resist torsion. 

Where a form such as shown in Fig. 22 can be used, it is a great 
improvement if a line drawn from the center of one wrist to the center 
of the other passes centrally through the main bearing. The form 
shown in Fig. 23 is better still, for the reason that Fig. 21 is better 
than ze, 
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The same principle is embodied in the form shown in Fig. 24, 
which, however, requires ball connections for the eccentric rod, 
although it requires much less of a projection for the supporting 
bracket (Professor Sweet, Amer. M. ach., Dec. 8, 1904). 


Frames and Supports. 


“Whenever inconsistent or useless things are stuck on to improve 
the appearance, they always fail. To be good, a design must be 
consistent” (Professor Sweet). 

Any machine frame standing on three legs is free from twisting 
stress and from the resulting distortion. When machines have con- 
siderable height, as in the case of a lathe, the omission of one of the 
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Fics. 20 to 24.—Correct and incorrect constructions of rocker arms. 


customary four legs would lead to a lack of stability, but this condi- 
tion can be met by swivelling the leg to the frame as in Fig. 25, which 
shows the construction used at this point in Professor Sweet’s Artisan 
speed lathe, which also has a tubular bed. 

The customary location of supports under the extreme ends of 
machine frames leads to an unnecessary increase of span and of 
spring, while the placing of a third pair of legs under the center 
should be a last resort. Machines should be complete in themselves, 
whenever possible, and not depend on foundations for maintenance 
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of form. In the planer bed, Fig. 26, the distance between the sup- 
ports is no greater than in Fig. 27, and as the center of the load in 
planing would, in no case, overhang the supports more than a slight 
distance, the construction shown in Fig. 26 is quite as well supported 
as the other, and if the iron in the legs and the work to fit them were 
put into the casting, the bed could be brought down to the floor as 
in Fig. 28, greatly improving the structure. 

Were the bed made of tubular section, with one leg under the back 
of each housing and one under the middle toward the other end, the 
results would be still better. Such a planer could be set anywhere 
on anything solid, and that is all that need or can be done (Professor 
Sweet, Amer. Mach., Mar. 9, 1910). 

An example of correct frame design and support on these principles 
is seen in Fig. 29, which shows a Norton grinding machine. The 
underneath view shows the arrangement of the three points of 
support and of the connecting ribs. 

One of the main points in designing frames is not to expose thin 
sections, as in the case of holes through plates and webs. Ina stand- 
ard or column 12 ins. on the sides, or in diameter, the exposed sec- 
tions should not be less than r4 ins.; or, to make a rule, the exposed 
sections should be equal to an eighth of the extreme faces, as in Figs. 
30 and 31. External beads should not be employed, because they 
convey an idea of thin sections unless their width corresponds to 
the flange e, or to the base flanges of the frame. 
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Fic. 25.—Example of a pivotted tailstock lathe leg and tubular bed. 


Another feature that has a good deal to do with the symmetry of 
frames is the thickness of base flanges. These should follow the rule 
of exposed sections and equal an eighth of the faces or the diameter 
of the trunk above when the latter is either round or rectangular. 
This is required not only to produce harmony of dimensions, but to 
insure against accident by fracture. 

The base flanges for frames or pedestals larger than ro ins. in di- 
ameter should be cored out beneath, as shown in Fig. 32. The top 
corners of base flanges, when of the proportions named, should be 


Fic. 28. 


Fics. 26 to 28.—Correct and incorrect supports for planers, 


6 HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


rounded to a radius of about one-fourth the thickness so as to 
avoid the contour indicated in Fig. 33, which is a monstrosity of 
the “‘ogee’’ order of architecture, 

Struts are difficult things to bring into harmony with machine 
framing, especially when connected to cylindrical or rectangular 
sections as in Figs. 34, 35 and 36. When the frame is cored as in 
Fig. 35, the best way is to use a solid section for the strut as at a, 


Fic. 29.—Example of correct frame design and support. 


Figs. 34 and 36, the corners being slightly rounded so as to harmonize 
with the other members but never made semicircular. This is 
always wrong and looks so. 

Struts, ties and braces should be in straight lines, unless set in 
curved intersections for reinforcement, as at e, in Fig. 37. If the 
corner at a is of short radius, as in pipe flanges, the brace e should be 
straight. 

In rib sections, of which Fig. 38 shows examples, there is the com- 


Fic. 37 
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mon mistake of considering the web a as a principal member and the 
flange eareinforcement. This leads to a thicker section for the plate, 
and is a waste of material. The web a is no more than a brace or 
tie, and should always be made as thin as it can be cast without cool- 
ing strains, usually not to exceed one-half as thick as the members e. 


The curved form for bracing ribs as in Fig. 39 is still adhered toin 


most cases by habit, and because we reluctantly abandon the old 
idea of curves and ornament, but we are fast reaching the point when 
the shape shown in Fig. 40 will be substituted for the curves. 

Fig. 41 shows a cored section which is especially suitable for large 
frames, and conveys an idea of an indented surface rather than of 
ribs, and is a means of relieving broad, flat surfaces that always look 
“skinny” unless perfectly flat and smooth. It also forms a reinforce- 
ment of corners, which are the weakest part, and for any machine 
of fine character the corners can be finished (John Richards, Amer. 
Mach., June 8, 1899). 

The outline sketch, Fig, 42, shows an appropriate base form from 
which to derive suitable frarnes for a great variety of purposes. 
Appropriate modifications to provide a base and attachments for 
bearings are shown in Fig. 43. 

It will be a matter of astonishment to those who have not pre- 
viously considered the matter, to discover the extent to which this 
form of the projecting beam or bracket enters into machine-tool 
framing. In that type called vertical machines, such as those for 
drilling, slotting, and planing, nearly all have this feature, and it 
has beside a wide place in horizontal supports that project from the 
main standards, such as tables for drilling, or other purposes. It is, 
therefore, well worth considering as a distinctive feature in design. 

This form of standard is often spoiled by inharmonious boltéd- 
on parts, such as have a ribbed section when the main member is 
hollow or cored. This~is an incongruous thing, too common in 
practice. There is nothing saved and generally something lost by 
attaching ribbed parts to box framing. Good practice demands that 
all bearings requiring positive alignment be cast integral with the 
main frame and in harmony therewith (John Richards, Amer. Mach. 
May 25, 1899). 


Charts in Systematic Design 


The use of charts in systematic machine design is illustrated by a 
very simple case in Figs. 44-47 by H.S Britt (Amer. Mach., Mar. 
22, 1906). 
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Tics. 30 to 41.—Examples of correct and incorrect machine frames. 
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Assuming a line of sizes of any part of a type in which judgment 
is the chief element in the design to be in contemplation, two sizes 
near the extremes are first designed, after which the intermediate 
sizes are taken direct from a diagram, Fig. 46, which is first laid 
down to the sizes already designed. 

For example, suppose it is desired to get up a line of boxes, such 
as are shown, for shaft sizes from 33 in. to 24% ins. inclusive. 
First the }§-in. size, Fig. 44, and the 2yg-in. size, Fig. 45, would 
each be laid out, the design and proportions being determined 
by the judgment of the designer. The chart, Fig. 46, is then con- 
structed by plotting the values of each dimension for the large and 
small sizes and connecting the plotted points by straight lines, when 
the ordinates corresponding to the intermediate sizes determine that 
particular dimension for those sizes. The letters showing to what 
dimension each line refers correspond to those in Fig. 47. Part of 


Fie. 42. Fic. 43, 


Fics. 42 and 43.—Correct frame construction. 


the lines are laid off to the scale on the right side of the chart. These 
are distinguished from the remaining lines, which are to the scale on 
the left, by being dotted. From the chart the table, Fig. 47, is 
filled out. 

For instance, suppose it is desired to find the width D for the 175 
in. size. On the chart the intersection of the vertical line marked 
17s and the inclined line D is found to be close to the horizontal 
line corresponding to 23 in. on the right-hand scale. The dimension 
thus obtained is entered in the table. 

It will be noticed that there are no lines on the chart for dimensions 
FandG. A line is plotted for the distance from the center of the bolt 
holes to the outside of the metal around the bearing, or (F—B), 
and from this F is determined, the B column having previously been 

filled out.~ A line is also plotted for the distance from the center of 
the bolt holes to the ends of the bases or }(G—F), the line in this 
case coinciding with the line for E. %(G—F) having been obtained 
from the chart, G is found from F by addition in the same way as 
F was previously found from B. 

The reason for determining these two dimensions in this indirect 
manner is that these dimensions depend partly upon B and partly 
upon the size of the bolts, and for that reason will not increase in a 
regular manner, the increase being greater whenever the size of bolt 
changes. In this particular, as in many others, judgment and dis- 
cretion are necessary in the use of such a method. 

In general, the lines thus found will not pass through the origin 
but above it. After some experience with the method, judgment 
will enable one to use it with only one originally designed size if the 


qr 


new sizes are not too much larger than it. The dimensions of one 
size being plotted, the lines are drawn through the plotted points 
and at such distances above the origin as experience indicates. 


5 1M 6 
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Fics. 44 to 47.—Chart method for the systematic design of machine 
parts. 


This method is safer if the new sizes are smaller than the original. 
When larger, caution should be used by comparing the resulting parts 
with the chart and correcti ~ the latter if found desirable. 
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PLAIN OR SLIDING BEARINGS 


For additional information on steam-engine bearings see Bear- TABLE 1.—PERMISSIBLE PRESSURES ON BEARINGS FOR STE 


ings for Steam Engines. ENGINES AND OTHER MACHINES.—(Continued) 
For additional information on gas-engine bearings see Bearings for | Allowable beasaie 
ene : : . he pressure in pounds 
For the fit allowances of bearings see Press and Running Fits. Kind of bearing and condition of operation per squats 


TABLE I.—PERMISSIBLE PRESSURES ON BEARINGS FOR STEAM projected area 


ENGINES AND OTHER MACHINES Straight line, belt-driven, side crank, 100 lb. steam and air 


Allowable bearing = fain bearings...........----+-+0eeeeeeeeeeee 178 to 227 
; i ai ; pressure in pounds Crank pin bearings..........-----+++0eee0-+- 628 to 825 
SE Oi Rae Sea Ar ela per square inch of — Cyoss-head pin bearings 22057... aes eee 628 to 825 


eS Straight line, steam-driven, side crank, 100 lb. steam and air 


i d d intermittent 000 to gooo —-- ——— 
ete ear ap ape es : c Main beatings, © 302 cif ig. «cs te ee 198 to 227 
service as in turntables and bridges. : 3 5 ; 
; road P : Crank pint bearings, 26 2a oe ae oa. oo oe eines 462 to 825 
American Railroad Practice Cross-head pin bearings..2......-<-.-«~ss0s8- 462 to 825 
i - i INO Sameera es t 2 . 
Locomotive cross head pin bearings Bee tie 3000 to 4000 Duplex, Meyer cut-off, steant-dxiven, x00 Ib, soca aaa 
Locomotive crank pin bearings................ 1500 to 1700 : : 
Locomotive driving wheel journal bearings... .. ee tOmS SO Main bearings. . Se Tees ae Sec es Ce eee 157 to 200 
Car axle bearings. . 3 See stinterns Moe ope 300 to 325 Grank pin béearmgs: co 28s cerns ee ee 644 to 855 
Tender axle bearings. joe tees erie: noe iO. A Cross-head pin bedrimygs. 522. .< wn Sees 850 to 1370 
British Railway P Practice Duplex Corliss valve gear, steam-driven, 100 lb. steam and air 
Locomotive crank pin bearings................ 5a.» tO E400 Main béanness: 7.6 2) eee eee rig to 141 
Locomotive cross-head pin bearings............ nto! 2000: Crank pin bearmnps,. 2-22.72 eee 513 to 708 
Locomotive driving axle gate state stele L ero neoiess 250 to 300 Cross-head pin bearings. . ye Spc 732 to 1150 
Car axle bearings. . oo Jeo ols oo SI Direct-connected, janeoalined main a Ieearieaee: joann ae 
United States Naval] Practice Gas Engine Practice 
Mignon @artie eAinbNS..< sou sbdgc6 an sdeabe 52 Uae 275 to 400 ‘Main hearings~.... .c.k> 042s oo 500 to 700 
Main engine crank pin bearings... De a0.dn Sax 400 to 500 Crank pin: bearings...2 0. 5-2. a¢ «se ae 1500 to 1800 
Steam turbine bearings (for Poene Alec tee SeeetOuGS Cross-head pin bearings...............-.-----|  1§00 to 2000 
Thrust bearings for see boats. geass ee tOLESO Electrical Mackinecy Practice 
; = : ete Bel ed enne Pecice Generator and motor bearings................ 30 to 80 
Main engine bearings. Dette tees ene e ee ee es 400 to 500 Main engine bearings, driving generators...... | 4oto 80 
Main engine crank pin bearings............... 400 to 500 Horizontal steam turbine bearings............. 4oto 60 
Thrust bearings. . Beas ae va Vertical steam turbine steps. . Hie Pod owe CON 200 to 1000 
High- al ITSEPES cee Practice Railing} Mill Practice! 
Main bearings Gon Glearel ko), seme oo ona eo aac 60 to 120 Rubbing velocity, | 
Main bearings (for steam load)............... 150 to 250 Ft. per Min “a 
Crank pin bearings, Overnung cranks.) 0: goo to 1500 Pinion housing hearings... ¥os be Ges 30 to. sot 
Crank pin bearings, center crank.............. 400 to 600 f ‘ 
; : Roll housing bearings... .. .| 359 to 600 100 to 20002 
@ross-head! pin bearingsnes ane ose... 4 Pais mutans 1000 to 1800 co aie | 
; . - Table roller bearings. ....... 150 30 to 50 
Slow-speed Stationary Engine Practice Table line-shaft bearings... . | 150 30 to 50 
Main’ bearings (for dead load). ...., ..2. 06 oes 80 to 140 Main bearings of shears. re 50 to 65 1800 to 2500 
Main bearings (for ima KEV Als Gotan ae nonce 200 to 400 Miscellaneous Practice 
Cranispla eatin gS qe eee nT icant mercial 800 to 1300 BR. F J d q. load - 
Cross-head pin bearings. . Sean ieee easton 1000 to 1500 earings epicaay -spee and intermittent load as | 3000 to 4000 
Aur C : — in punch presses, shears, and the like. 
ir Compressor Practice _.. Main bearings of slow-speed pumping engines... .... to 600 
Straight line, steam-driven, 100 Ib. steam and air ______, Heavy line-shaft bearings, bronze or babbitt lined . 100 to 150 
Main bearings. . PoP emanate cee etcin oan 160 to 237 Light line-shaft bearings, cast-iron............. Isto 25 
eens beaaues ies ooo kath ee 565 to 700 Heavy slow-speed step bearings............... - ++ to 2000 
Cross-head pin bearings, . Ryd ens Set atoatekis 628 to 820 Drill press thrust collars......... a +2 ow SOERES 
Straight line, belt- onan center crank, 100 Ib. steam and air Angular-thrust bearing for boring mill tables. See kde 
Main bearings... Se SNOWN cle ee Relay oe sensu eie ary 122 to 220 1 Mesta Machine Company, Pittsburg, Pa. 
Crank pin beerugs: sReuerlnteites sialalevelait (074, Cueyaca rete eens 244 to 402 * These factors are of value as showing good practice, not for purposes of 


Cross-head pin bearinesicte neg Mae ek th es | 400 to 785 design. The diameters and lengths of the bearings are determined by the 
a a a requirement of strength in the pinion and roll necks and their housings, 
3 Practice of Bullard Machine Tool Company. 


1 Canadian Ingersoll-Rand Company 
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“Whenever ivi is possible to give journals end play, it will be found 
that they polish rather than cut and endure rather than wear out. 
The wearing surfaces should be of equal length in the box and shaft 
and be so controlled that the overrun will be equal at each end” 
(Professor Sweet). 

Much of what follows is taken from the exhaustive treatise, Bear- 
ings and Their Lubrication, by L. P. Alford, to which the reader is 
referred for much Bddiional information not to be found elsewhere. 

The lack of a complete theory connecting the pressures, velocities 
and temperatures of bearings, until it was supplied by AxeL K. PEp- 


ERSEN (Amer. Mach., Oct. 10, 1912) and given below, has made it im- 
possible to determine pressure factors of general application. Never- 
theless, the factors in common use, within the fields from which 
they were obtained and to which they are intended to apply, are use- 
ful and adequate. 

Tables x to 8 give such pressure factors. ‘Tables 2 to 8 are by G. 
W. Lewis and A. G. Kesster (Amer. Mach., Aug. 31, Sept. 14, Nov. 
9, 1911). They are the result of an extended investigation and 
correctly represent modern practice. 


TABLE 2.—MAIN BEARING PRESSURES FOR STATIONARY GAS ENGINES 
Horizontal Vertical _ 
D | a ae | 12 | 16 20 Assumed _ D 4 8 12 16 29 Assumed 

Dmb...... Tess 3.1 4.85 On Gila Sea: DAD... so 14 33 ie 12 92 

le ae 2.6 Gers erors 14.9 | I9.1 Lmb. 34 63 10 13 16 

Amb.. cae 20.9 S25 98.5 |160.5 DmbXLmb ANNO onto eos 23.6 BG O75 el s2 DmbXLmb 
Pm 250 Assumed Pm 250 Assumed 
17) ee | 462 300 270 255 244 eR abies 300 267 258 258 258 

Pm 300 Assumed Pm 300 Assumed 
11 re | 553 | 360 324 | 307 203 F Kmb...... 350 320 | 310 310 310 7 
Pm 350 Assumed Pm 350 Assumed 
Kem... . | 647 | 420 377. | 358 342 KG bees 41s 373 | 360 369 360 

Pm 400 Assumed Pm 400 Assumed 
7) ae | 738 | 503 430 | 408 301 Kon DE ae en 481 414 | 414 414 4I4 
-D  =cylinder diameter, ins. Pm =maximum explosion pressure, lbs. per sq. in. of piston face. 


Dmb=main bearing diameter, ins. 
Imb =main bearing length, ins. 
Amb =projected area main bearing (one) = DmbXLmb. 


Kmb=maximum unit bearing pressure, lbs. per sq. in. considering 
explosion to occur on dead center. 


TABLE 3.—CRANK-PIN BEARING PRESSURES For STATIONARY GAS ENGINES 


ae i 


Horizontal -Vertical 
D oe ae ee 16 23 | Assumed ‘ eel 4 8 12 16 20 | Assumed _ 

DCP aot os 1 35 4% 63 h IDG ode 1% 3h 4h 64 83 

EGP ons sin 13 3k 44 6%; | 83 LEC ere 1 3k 58 8 93 

PACD « 2.44| 10.15] 23.2 | 41.75) 68 Dep XLep=Acp AGP nase 2.64, 11.8 | 27.8 | 49.75] 78-75 DcepXLep 
Pm 250 Assumed “ Pm 250 <a Assumed 
Kcp | 1290 1240 | 1220 | 1210 1150 | From equation A Kep. 1190 | 1065 | 1035 | IoT5 | 905 

Pm 300 Assumed _ | Pm 309: A Petes. __ Assumed 
ICP. - | 1550 | 1485 / 1450 | 1450 | 1390 | From equation ge Kep. 1430 | 1280 | 1240 tars | 1209 | 

Pm 350 Assumed Pm s Chae ale Assumed 
EC Pires ce | 1800 | 1730 | 1710 | 1690 | 1620 | From equation AL Kep. ia 1660 | 1490 | 1440 | 1420 | 1400 | 

Pm 400 Assumed Pm_ a Ni Assumed 
Ky Dee al 2060 | 1980 | 1950 1930 | 1850 From equation A Kep. 1920 | 1720 | 1660 | 1620 | 1600 | 


D =cylinder diameter, ins. 

Pm =maximum explosion pressure, lbs. per sq. 
Dcp=bearing diameter of crank pin, ins. 

Lcp =bearing length of crank pin, ins. 


in. of piston face. 


Kcp=maximum unit bearing pressure, lbs. pet sq. in. 
Acp=DcpXLcp, sq. ins. 


: 2 
Max. Kep= x*~Pm-+(DepXLcp). (A) 
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TABLE 4.—WRIST OR PISTON-PIN BEARING 


PRESSURES FOR STATIONARY GAS ENGINES 
Se 


Horizontal | =. —— I ; 
D 8 12 16 20 | D 6 12 16 ns : 4 
Dwp..... | ee | 1.62 | 2.76 | 4.36 | 6.42 | From equation (A) || Dwp..... 1% 8 23 = ! pairs = 
Lwp. 1.6 | 2.8 | 4.77 | 7.52 |rr.15 | From equation (B) | Lwp.. on 3a 45 : A ie ee 
Awp..... 1.49 | 4.54 |13.2 |32.8 |71.5 | DwpxLwp Awp..... 4.67 | 6.33 |11.25 |20.65 |3 
Pm 250 Assumed Pm 250 Assumed 
Je ene 2100 | 2760 | 2145 | 1530 | I100 | Kwp..... | I510 | 1990 | 2520 | 2430 2145 
Pm 300 Assumed Pm 300 Assumed 
ISIE ae ae | 2530 | 3320 2570 | 1840 | 1320 | Kwp..... | 1810 2380 3026 | 2920 | 2580 
Pm 350 Assumed Pm 350 Assumed 
ISG nea re | 2950 | 3880 | 3000 | 2150 | I540 | Kwp..... | 2120 | 2780 | 3520 | 3410 3010 | 
Pm 400 Assumed Pm 400 Assumed 
IUD cae | 3370 | 4425 | 3430 | 2455 | 1760 ie KEW Pe 5.5 < | 2420 3190 | 4030 3900 3440 
Dwp= .0143 D?+.7 in. (A) Dwp= .00795 D?+1%in. (C) 


Lwp =1.75 Dwp (B) 
D  =cylinder diameter, irs. 
Dwp=bearing diameter of piston pin, ins. 
Lwp =bearing length of piston pin, ins. 


Lwp=1.82 Dwp (D) 
Awp=projected area piston pin, sq. ins. 
Pm ~=maximum unit explosion pressure. 
Kwp=maximum unit bearing pressure, lbs. per sq. in. 


‘TABLE 5—MAIN BEARING PRESSURES FOR AUTOMOBILE ENGINES 


Center bearings Front bearings 
D yi an 5h D 14 | 43 oe ee 
Deb Iv 1% it 2d From equation (5) Dfb [2 z | rz | 1 ) 2H. From equation (7) 
Leb aes 23 3a 38 From equation (6) Lfb \2i8 | 2% 13 | 3i6 From equation (8) 
Acb Braz paso eT 5: btn Deb X Leb Afb |4.2 | 5.02) 5.63 | 6.6 | DfbXLfb 
Pm 250 Assumed Pm 250 Assumed 
Keb 690 | 615 | 620 | 575 Kfb 560 | 595 | 640 | 670 
Pm 300 Assumed Pm 300 Assumed 
Keb 830 | 730 | 750 | 690 Kfb | 665 | 710 | 775 | 800 | 
Pm 350 Assumed Pm 350 Assumed 
Keb 970 | 855 | 870 | 810 Kfb | 780 | 830 | 900 | 930 | 
Pm 400 Assumed Pm 400 Assumed 
Keb I100 | 980 | 1000 920 Kfb | 890 | 945 | 1030 | 1075 s 
D =cylinder diameter, ins. D =cylinder diameter, ins. 
Dcb = diameter of center bearing, ins. Dfb =diameter of front bearing, ins. 
Leb =length of center bearing, ins. Lfb =length of front bearing, ins. y 
Kceb=maximum unit bearing pressure, lbs. per sq. in. Kfb=maximum unit bearing pressure, Ibs. per sq. in. 
Pm =maximum explosion pressure, lbs. per sq. in. of piston face. | Pm =maximum explosion pressure, lbs. per sq. in. of piston face. 
Deb=.32 D+.3 in. (5) | Dfb = .32D+.3 in. (7) 
Leb =2.8 Dcb—2.2 in. (6) Lfb = Dfb+1} in. ae 


Rear bearings 


D | 4 44 5 5} Z 

Drb Its 12 1; | Fe From equation (9) 

Lrb 3 4 43 5% T’rom equation (10) 

Arb 4.7 7 8.67 | 11.6 | DrbXLrb ts 
Pm 250 Assumed * ~ 

Krb | 565 | 405 | 40s | 46s ae 
Pm 300 Assumed aa 

Krb (6607! B75.) s75-| 535 ae 
Pm : fi 350 : Assumed” 

Krb | 760 660 655. 605 | meyes " 

Pm 4 400 Assumed 

Krb ieects) ese | rae | Ong c segs or 
D =cylinder diameter, ins. 


Drb = diameter of rear bearing, ins. 

Lrb =length of rear bearing, ins. 

Arb=projected bearing area, sq. ins. 

Krb=maximum bearing pressure, lbs. per sq. in. 

Pm =maximum explosion pressure, lbs. per sq. in. of piston face. 
Drb=.32D+.3in. (09). Lrb=5.3 Drb—5.3in. (10) 


Relation of Speed and Pressure 


The velocity of rubbing being, equally with the load, a factor in 
determining the work of friction which must be dissipated as heat, it 
follows that the velocity of rubbing should appear in a rational for- 
mula for the size of bearings. Such a formula has been given the 
form ; 

po=C, 
in which p=pressure on projected area, Ibs. per sq. in. 
v=velocity of rubbing, ft:-per min. 
C=a constant determined from observation. 


Values of this constant are much less numerous than those for simple 
pressure. Table 9 gives such authentic values as the author has been 
able to find. 

The sources of these constants are as follows: (1) A. M. Bennetr 
(A mer. Mach., June 17, 1909), who bases his conclusions on a large 
number of bearings which operated under a rise of temperature not 
exceeding 72 deg. Fahr.; (2) H. P. Bean (Trans. A. S. M. E., Vol. 
27); (3), (4) and (7) Jas. Curistte (Proc. Engrs. Club of Phila., 1898); 


(Continued on next page, second column) 
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TABLE 6.—WRIST-PIN BEARING PRESSURES FOR AUTOMOBILE 
ENGINES 


TABLE 7.—CRANK-PIN BEARING PRESSURES FOR AUTOMOBILE 


TABLE 8.—AVERAGE RUBBING SPEED AND WORK OF FRICTION FOR 
AUTOMOBILE ENGINES 


Computed for a piston speed of 1000 ft. per min. and a mean pres- 
sure of 20 Ibs. per sq. in. of piston face. 


D eA 4} 5 53 _| Average 
. 5 ae Se ees a Ca ie 6, 
RPM... aie ) ES7Oen|) 200 1092 | Iooo | 
i ibbing Gees in ft.| 560 550 Rane ot 540 | 546 
per min. on bear- | 
ings listed below. | | 
Weert ce ewes | 9-25 | 9.15 8.9 | 9 O48 
RC ee net Kens di 252 | 278 yl 205, | ATG 
Crank-pin {Km|° 76 | 77 BPS Nine 8405 40:89 
bearing. Ww praapegeg. streogas ae Ls 
Center bear- { Km| 55 49.2 49.8 | 46 50 
ing. ae PE 450 445 | 415 456 
Front bear- { Km| 44-7 47-5 52 | 53-4 49.4 
ing. W 418 | 435 462 | 480 449 
rears MSO el “4575 | 43.5] — 38 45.7 
Rear bearing. = 
\W +} 523 415 388 342 Cova 
D = cylinder diameter, ins. 
1p = stroke, ins. 


P mean) = mean total pressure on piston for entire cycle, lbs.(assumed). 


RPM =r.p.m. at 1,000 ft. per min. piston speed. 
Km = mean unit bearing pressure, lbs. per sq. in. 
V = rubbing speed, ft. per sec. 

W = work of friction = (Km XfV) ft. lbs. per sec. 


18 Si, se DD, 


= ; - ; ENGINES 
oes 43 5 53 D 4 4h 5 cf eg 
ID nas ee 4 i 
Be. : I I 1 1g From equation () Depsn. ae 13 1% ae From equation (3) 
aes : 2.28 28 3d5 From equation(2)  Lcp....... ap. 23 at 23 From equation (4) 
seh 7s 2.95 3.12 4.2 DwpXLwp AGp ae Bn 32 AveLiT 4.68 5.68 | DepXLcp 
a 250 Assumed Pm 250 Assumed 
KODA 2.3 | 1800 1780 | I570 | *1420 | Equation (a) GP aA ee 945 960 1050 to50_| From equation (b) 
} Pm gee Assumed Pm 300 Assumed 
BGO DE... | 2150 2130 | 1890: | 1700 | Equation (a) VG ie deve 1130 1150 | 1260 1260 | Fromequation (b) 
Pm 350 Assumed Pm 350 Assumed 
GIO DI t03,. | 2510 2480 | 2200 | 1980 | Equation (a) KiGp oer 1320 1350 | 1470 1470 | From equation (b) 
Pm 400 Assumed Pm 400 Assumed 
Kwp..... é | 2870 | 2840 | 2510 | 2270 | Equation (a) RCP ree ate | agro | rego | 2675 1675 | From equation (b) 
D  =cylinder diameter, ins. D = cylinder diameter, ins. 
Dwp =bearing diameter, ins. Dep = bearing diameter, ins. 
Lwp =bearing length, ins. Lcp = bearing length, ins. 
Awp =projected bearing area, sq. ins. Acp = projected bearing area, sq. ins. 
Pm = maximum unit explosion pressure, lbs. per sq. in. of piston ¢P =maximum unit bearing pressure, Ibs. per sq. in. 
face. Pm =maximum unit explosion pressure, lbs. per sq. in. of piston 
Dwp= .34 D—.53 in. (1) face, 
Lwp =2.25 Dwp (2) Dep =.32D+.3 in. (3) 
Kwp = maximum unit bearing pressure, Ibs. per sq. in. Lcp =1.35 Dep (4) 
= Pm D? .7854 Pm D? .7854 
Pa ee EE 1) S| b 
Kwp Awp (a) cp Acp (b) 


(s) and (6) Frep. W. Taytor (Trans. A. S. M. E., Vol. 27), whose 
figures are based on observations on eleven bearings in an overloaded 
mill; (8) and (9) G. W. Dicxtr (Trans. A. S. M. E., Vol. 27); (10), 
(11), (12), (13) and (14) The Mesta Machine Co. 

Ininterpreting these constants regard must be had for the influence 
of reciprocating and momentary loads. The former is seen in (2) 
and (3) and the latter in (11) and (14). 

It is probable that the diversity of the constants is largely due to 
the inaccuracy of form of the equation, the probability being that the 
pressure should not be reduced in the same proportion that the speed 
is increased. A recognition of this is the basis of Edwin Reynold’s 
rule for the main bearings of steam engines, which see. 


TABLE 9.—PRODUCT OF PRESSURE, LBS. PER SQ. IN. OF PROJECTED 
AREA, AND VELOcITY, Fr . PER MIN. OF BEARINGS 
Kind of Bearings and Condition of Operation Values of C 
(1) Self-aligning ring-oiled see with continuous 
load in one direction. . a . 36,000-40,0c0 
(2) Main ee of Comee engines  cheums load 
only).. se huni ioe . 60,000-78,000 
(3) Steam engine eran pins. . 


; 200,000 

(4) Steam engine cross head slide Tame on pres- 
sure at mid-stroke)....... 50,000 

(5) Mill shafting with ae Atecarbem SERIES ab 
bitted bearings, highest admissible value..... 24,000 

(6) Mill shafting with self-aligning cast-iron bear- 

ings, sight or wick oil feed or grease cups, should 
be less than... : 12,000 

(7) 110,000 lbs. Ecotehe or te jonrpela aif ste) ariles 
per hour. i 60,000 

(8) Water- Coles thrust Tearing of MR anmeiipate cus- 
tomary value. . , 37,500 

(9) Water-cooled boast beatings ay Steuer hing) with 
pxtraccarein water COOUNE. 2.1.5 dace oacm ses 61,000 
(zo) Rolling-mill pinion-housing bearings........... 18,0co 
(11) Rolling-mill roll-housing bearings.............. 60,000-70,000 
(22) Rolling-mill table roller bearings...............  4,500-7,500 
(13) Rolling-mill table line-shaft bearings........... 4,500-7,500 
120,000 


(14) Main bearings of rolling-mill shears............ 
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Relation of Speed, Pressure and Temperature 


The following methods of bearing design are from the practice of 
the General Electric Co. and are the results of extended experimental 
investigations: It is very desirable in laying out bearings to keep the 
diameter as small as possible, consistent with sufficient strength of 
shaft and suitable deflection of the journals both inside and outside 
the bearings as the work of friction is thereby reduced. It is also very 
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Fic. 1.—Relation between rubbing speed and safe maximum pressure 
on bearings without artificial cooling for perfect film lubrication. 


desirable to so dimension bearings that they are fairly well loaded, in 
order to avoid bulky machines and also because the coefficient of 
friction rises quite rapidly when the load is less than 50 lbs. per sq. 
in. of projected area. 

When calculating the projected area of any bearing, especially if 
it is to be heavily loaded, the amount of space lost through the drain 
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Fic. 2.—Temperature rise of oil-ring bearings in still air, room 

temperature 25 deg. Cent.—77 deg. Fahr. 


grooves at both ends must be deducted. This is particularly impor- 
tant when the length of the bearing is small in proportion to the 
diameter. 

It is also necessary—and this applies to all forms of lubrication— 
that there be no sharp corners on the edges of the oil distributing 
grooves or channels, but that these be gradually cased off so that 


the oil can be drawn in between the journal and the bearing. Sharp 


corners are invariably oil wipers and often absolutely prevent proper 
lubrication. 

The heat generated in any bearing may be dissipated: 

1. By radiation from the housings and conduction by the shaft. 

2. By forcing cooled oil through the bearing. 

3. By surrounding the bearing by some form of water jacket. 

Bearings without artificial cooling are usually lubricated by oil rings 
or similar devices or by gravity feed. It is essential that an abun- 
dant supply of oil be delivered to all parts of the bearing by suitably 
arranging the channels so that a perfect film will be maintained at all 
times between the journal and bearing, and that there is no oppor- 
tunity for the oil forming this film to escape through openings or 
grooves at the points of greatest pressure and thus allow the metals 
to come in contact. 

The heat generated in bearings having no artificial cooling is con- 
ducted away and radiated by the housings. The great variation in 
the design of bearing housings and the different conditions of venti- 
lation, etc., make it extremely difficult to predetermine the ultimate 
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Fic. 3.—Temperature rise of oil-ring bearings for well ventilated 
condition but without artificial cooling, room temperature 25 deg. 
Cent.—77 deg. Fahr. 


temperature of such bearings with any great accuracy, and it is 
always necessary to allow a considerable margin of safety. 

Fig. 1 covers the range of pressure and speed ordinarily permissible 
in this type of bearing, while Figs. 2 and 3 show the ultimate tempera- 
tures for different speeds and loads. These curves were made up 
from the readings obtained from special bearings and afterward 
checked by the test records of a large number of machines—both of 
the pillow-block and shield types—which have gone through the test- 
ing department. Fig. 2 shows the temperatures to be expected under 
the most unfavorable conditions, that is, of a bearing so situated that 
no current of air can circulate about it, and therefore cooled by radia- 
tion only. There is, however, a considerable circulation of air about 
most machines, due to the fanning action of the revolving parts, and 
the ultimate temperatures to be expected in such cases are shown by 
the curves of Fig. 3. These curves apply to the great majority of 
open generators and motors, both of the pillow-block and end-shield 
types. When the machine is enclosed, or the free circulation of air 
in any way interrupted, higher temperatures will result, until finally 
the conditions of Fig. 2 are reached. 

A part of the heat of the bearings of motors and generators is usu- 
ally conducted away by the shaft and radiated by the spider and 
other revolving parts. When machines are totally enclosed or are 
connected to other machinery whose temperature is high, heat may 
be transmitted through the shaft to the bearing, thus raising the 
latter’s temperature, and due allowance must be made for this. 
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When bearing pressures and speeds are unusually high it is often 
necessary to force oil under pressure into the bearings and advantage 
is often taken of this to keep the heating down by artificially cooling 
the oil. This method, although used to a very considerable extent, 
is usually not as efficient as a water jacket. 

For all practical purposes, it may be considered that the entire 
heat generated is taken away by the oil, and it is therefore possible 
to predetermine the bearing temperature with considerable accuracy. 
Fig. 4 shows the ultimate temperature of bearings using the quantities 
of oil most commonly pumped through, and with the assistance of 

_ these curves the necessary amount can be determined. Intermediate 
speeds and pressures can be easily interpolated. 

For pressures and speeds beyond the limits of this table, it is advis- 
able to resort to water-jacket cooling. 

In arranging bearings for this form of lubrication, care must be 
taken to force the oil to the point where the work is being done, as 
otherwise the oil coming from the bearing may be comparatively cool, 


water circulated per minute, and, where the conditions are unusually 
good and the jacketing carefully arranged, from to to 12 h.p. per 
gallon can be dissipated. 

With water jackets any suitable method of lubrication may be 
used which will insure at all times a good film of oil between journal 
and bearing. 

For designs of water-jacketed bearings, see below. 


Conditions of Fiim Lubricetion 


The experiments of Beauchamp Tower (Proc. I. M. E., 1885) demon- 
strated that, given flooded lubrication and suitable relations of speed 
and pressure, the condition of affairs between a journal and bearing 
becomes that illustrated in exaggerated form in Fig. 5. The rotating 
journal assumes an eccentric position in its bearing, and is separated 
from it by a circular wedge-shaped film of oil. The journal brings up 
more oil than can be carried around the space between journal and 
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Fic. 4.—Relation between rubbing speed and rise in temperature for forced lubrication and three rates of oil feed, room temperature 25 deg. 
Cent.—77 deg. Fahr. 


while the bearing itself is much too warm. In addition to this, it 
means that an excessive amount of oil must be pumped through the 
bearing requiring unnecessarily large pumps, piping, etc. Experi- 
ments with such bearings show that when oil begins to run out of the 
ends quite freely, nothing is gained by forcing through a larger 
quantity. 

A properly designed water jacket will carry away a very much larger 
amount of heat than will any form of forced oil lubrication, as the 
specific heat of water is very much higher. As is the case of forced 
oil lubrication the ultimate temperature of a well-designed water- 
jacket bearing can be very accurately determined. It is essential 
that the pipes or channels be located as close as possible to the surface 
of the lining where the work is being done, in order that the heat 
generated may be absorbed without danger of damage to the lining. 
Water circulated at some distance away from the lining surface is of 
comparatively little assistance, as heat may be generated so rapidly 
that the lining will be destroyed before the heat reaches the jacket. 
~ The water passages must also be so arranged that an even and con- 
tinuous circulation is kept up in all parts. 

With properly constructed passages, it is safe to assume that heat 
may be removed at the rate of from 3 to 5 h.p. for each gallon of 


bearing, and some oil is therefore forced out sidewise and, the film of 
oil resisting this action by virtue of its viscosity, there is set up a 
wedging action which will support the bearing away from the journal 
against considerable pressure. By drilling holes in the bearing and 
inserting pressure gages, Mr. Tower found curves somewhat like 
a’ c’’ b’ to represent the pressure at various (projected) points of the 
circumference of the journal. The film is thinnest, not at the point of 
application of external load, but at a point somewhat farther along in 
the direction of rotation. 

The summation of these pressures was found to equal the total load 
on the bearing with a surprising degree of accuracy. 

An immediate practical result of these experiments is the demon- 
stration that the oil should be introduced at the point of no pressure. 

Mr. Tower’s experiments show that the action of high-speed bear- 
ings is entirely different from that of low-speed bearings. In the 
latter we have oily surfaces in actual rubbing contact. An accidental 
increase of temperature reduces the viscosity of the lubricant, which 
in turn increases the intimacy of contact, thereby bringing about ad- 
ditional cumulative increase of temperature. Such a bearing may be 
said to be, as regards temperature, in unstable equilibrium. A high- 
speed bearing, on the other hand, is in stable equilibrium. If the 


14 HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


speed is sufficiently above the critical speed at which the film action is 
established to prevent the reduced viscosity from bringing the surfaces 
into actual contact, there is no reason why the heating action should 
be cumulative, and such bearings may safely be run at temperatures 
that would be unsafe below the critical speed. 

Similar difference exists in the tendency to wear. H. M. Martin 
(The Design and Construction of Steam Turbines) says that steam 
turbine bearings, after years of use, show no signs of wear. 

For these reasons the complete film system of lubrication should be 
aimed at whenever possible. Dr. HErBert F. Moore (Amer. Mach., 
Sept. 10, 1903) determined experimentally the relation of pressure and 
rubbing speed at which the film breaks down and the lubrication 
becomes of the ordinary kind between oily surfaces. Dr. Moore’s 
results are represented graphically by the full line of Fig. 6, the dotted 
line being an approximation represented by the equation: 


Pmaz= 7.AqN/ 0; 


in which Pmaz=limiting pressure on projected area of bearing at 
which the oil film breaks down, Ibs. per sq. in. 
v=velocity of rubbing, ft. per min. 


Fic. 5.—Journal and Bearing with film lubrication. 


This equation is fundamental and is generally accepted. It forms 
the starting-point of the first complete theory connecting the pressures, 
velocities and temperatures of bearings, by AxEL. K. PEDERSEN, 
analytical expert the General Electric Co. (Amer. Mach., Oct. 10, 
1912). 

Mr. Pedersen’s remarkable deductions are based on a large number 
of widely scattered experiments, including those of Beauchamp 
Tower, and are given below. It must be remembered that they 
apply to complete film lubrication only, the bearing proportions being 
determined from the conditions for preserving a perfect film at a 
permissible final bearing temperature. 

Introducing a proper factor of safety, Mr. Pedersen obtains the 
equation: 
chi 
n 


d>= 068453 ({wv) (a) 


in which d=diameter of bearing, ins., 
s=factor of safety, 
Pmax _ 
~ actual pressure on projected area, lbs. per sq. in. 
W =total load on bearing, lbs., 
1=length of bearing, ins., 


’ 


enh 
iad 
n=r.p.m. of journal. 
‘ , 1 
For each class of machinery, the ratio v=a is a well-defined quan- 


tity. Following are customary values of this ratio: 


Type of bearing 
Marine engine main bearings........-.--+.+--+-++-- : 5 


Stationary engine main bearings.........-..------+-- ¥:§ to 255 
Ordinary heavy shafting with fixed bearings.......... 2 to3 
Ordinary shafting with self-adjusting bearings. ....... 3 to4 
Generator and motor bearings. ......-...-.«+------- 2 to3 
Machine-tool bearings...........-+---++++-+2+e+-+-> 2to4 


Equation (a) can readily be used for determining the diameter of 
the bearing. The factor of safety is selected by considering the 
importance of safe running. A factor of safety of 1 would indicate 
that the journal is running under limiting conditions, that is, that the 
oil film is on the point of breaking down. For ordinary light machin- 
ery, the factor of safety may be taken as low as 2 and for heavy 
(especially high-speed) machinery as high as 8 or even Io. As a 
good average 4 to 5 may be taken at the first trial. 
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Fic. 6.—Breaking-down point of perfect oil film. 


The alignment chart, Fig. 7, was designed for the prompt solution 
of equation (a). The use of the chart is explained below it. 

The diameter of the bearing being thus determined, the length is 
fixed by the selected ratio x or 


l=xd (b) 
The pressure on the projected area is 
Ww , 
?=ixd (¢) 


The fundamental consideration, in connection with the final bear- 
ing temperature and the specific losses, deals with the laws of friction 
and the heat-radiating capacity of a bearing. From the great num- 
ber of test data available in regard to the coefficient of friction the 
following important fundamental principles may be stated: For a 
journal revolving above soo ft. per min. (8.5 ft. per sec. approxi- 
mately) we use the formula given by Lasche: 

fo(t—32)=s1.2 (@) 

This formula is a very close practical approximation; actually, the 
coefficient of friction is not independent of the rubbing speed of the 
journal, but increases slightly with the speed up to a speed of about 
2000 ft. per min.; this increase, however, may be neglected. 
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Connect the ratio of length divided by diameter and the selected factor of safety and note the intersection with axis I; 
connect the intersection and the load and note the intersection with axis II; connect this intersection withthe revolutions per 
minute and read the diameter and rubbing speed from the appropriate scales. The chart may be read in the opposite direction 


if desired. ; : tag 
Fic. 7.—Dimensions of bearings for film lubrication. 
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For a journal revolving below 500 ft. per min. (8.5 ft. per sec. ap- 
proximately) the coefficient of friction is dependent on the velocity 
of rubbing. From many test data it has been concluded that for 
these speeds 

fp(t—32) =2.30/ 600 (e) 
In (d) and (e) f=coefficient of friction, 
p=pressure on projected area, lbs. per sq. in. 
t=final bearing temperature, Fahr. 
v=rubbing speed of journal, ft. per sec. 


Formula (e) has been fully corroborated by comparison with the 
experiments of BEAucnHAmp Tower (Proc. I. M. E., 1885), the agree- 
ment being quite remarkable (Amer. Mach., Oct. 10, 1912). 

The heat-radiating capacity of a bearing depends mainly upon the 
iron masses contained in it and upon the surrounding air. If the 
bearing is located in a place where the surrounding air is easily moved 
(ventilated bearing), and if the bearing contains large masses of 
iron, we have the best conditions possible. On the other hand, if 
the bearing and its housing are of comparatively small dimensions 
and the air is still, the heat-radiating capacity is at a minimum. 

In the chart, Fig. 8, the first condition is represented by the point 
M for ventilated bearings, the second by the point WV for still-air 
bearings. We may havea condition where the bearing contains large 
masses of iron, but is surrounded by still air; evidently, then, a point 
located approximately midway between the points M@ and NV should 
be used. 

The following formulas are very close approximations to the 
experiments by Lasche on the heat-radiating capacity of bearings. 
These experiments are given in chart form in “ Bearings and Their 
Lubrication,” by L. P. Alford. 

For ventilated bearings we have the heat-radiating capacity in ft.- 
Ibs. per sec. per sq. in. of the projected area of bearing expressed by 


(t—t+33)? 
1860 (f) 
and for still-air bearings 
(t-te +33)? 
aS (g) 


in which ¢o = temperature of room, Fahr. 
t =final bearing temperature, Fahr. 
The maximum friction loss must not be greater than the heat- 
radiating capacity of the bearing, otherwise artificial cooling must be 
resorted to. The friction loss in ft.-lbs. per sec. per sq. in. of projected 
bearing area is pfv, hence for ventilated bearings 
(t-t +33)? 


dh 1860 (n) 

and for still-air bearings 
_ (@—t.+33)? : 
ees (i 


As the coefficient of friction follows different laws whether the rub- 
bing speed is above or below s00 ft. per min., we must consider this in 
formulas (/) and (7). 

For speeds above 500 ft. per min., we combine (%) and (7) with (d), 
and solving for v, we get for ventilated bearings 


v= =e (i) 


for still-air bearings 
= Batt = ta 33)" 
ae 168960 (k) 
For speeds below 500 ft. per min., (#) and (i) are combined with 
(e); then for ventilated bearings 
‘ é ae 
( —32)  (¢—to +33)" | 2 
2-4) =a — l 
| 26 6a" J © 


1860 


for still-air bearings 


Ne 


(Pte 33)* | : (m) 


3300 


Equations (7), (R), (2), and (m) are the fundamental formulas for 
plotting the chart, Fig. 8, as far as the determination of the final bear- 


ing temperature is concerned. 
The chart also gives the specific losses y, namely 


I= (n) 
Hence from (d) for speeds above 500 ft. per min., or 8.5 ft. per sec., 
approximately, 


_ 51-2 %, 
oer acres (0) 


and from (e) for speeds below 500 ft. per min. or 8.5 ft. per sec., approxi- 
mately, 


y= 2:3 6c0 (p) 

_ t—32 

The total friction loss in the bearing is obtained from 
Y =yvld ft.-lbs. per sec. (q) 
or 
yold 

y=- h.p. r 
oe (r) 


In equations (7)-(r) 
y=specific losses; that is, the losses due to friction in ft.-lbs. per 
sec. per sq. in. of projected bearing area for each foot of rubbing 
speed of the journal, 

Y =total friction losses in the bearing. 

The use of the chart, Fig. 8, is as follows: (a) To determine the 
final bearing temperature: Locate the proper value of the rubbirg 
speed on the AA scale, connect this point with points N or M or 
some intermediate point on the line VM, according to the conditions 
of the surrounding air and the design of the bearing. The connecting 
line locates a point on the BB axis. Trace from here horizontally 
to the curve giving the proper temperature of the room, thence 
vertically down to the temperature scale and read the final bearing 
temperature. 

(6) To determine the specific losses y: Here different methods must 
be employed, one for speeds above 8.5 ft. per sec., and another for 
speeds below 8.5 ft. per sec. 

Rubbing speeds above 8.5 ft. per sec.: 

From the final bearing temperature trace parallel to BB axis to the 
dotted curve CC, thence horizontally to the right to the axis DD and 
read the value of y, the specific loss. 

Rubbing speeds below 8.5 ft. per sec.: 

From the final bearing temperature trace parallel to the BB axis 
to the dotted curve CC, thence horizontally to the left to the BB axis, 
thus locating a point on this axis. Now connect this point with the 
proper value of the rubbing speed on the speed scale EE; the connect- 
ing line intersects a point on the specific-loss scale FF, where the 
specific loss y is read. The general procedure is shown by the con- 
necting lines on the chart. 

Example 1.—Design a motor bearing for the following data: 

Ventilated bearing and large masses of iron; 
Ratio of length to diameter = 2; 

Factor of safety for preserving perfect oil film=s; 
Total load on bearing =1700 lbs.; 

Revolutions per minute =650; 

Temperature of room=75 deg. Fahr. 

From the chart, Fig. 7, we get the diameter d=4.5 ins., approxi- 
mately, hence from equation (6) 


l=xXd=2X4.5=0 ins., the length, 
then from equation (c) 
= W __ 1700 
IXd 9X45 
The chart, Fig. 7, also determines the rubbing speed 


= 42 lbs. per sq. in. 


v=12.7 ft. per sec., nearly. 
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Locating the rubbing speed 12.7 on the AA scale of Fig. 8, and pro- 
ceeding as previously explained, noting that the rubbing speed is 
above 8.5 ft. per sec., we get the final bearing temperature 


t=146 deg. Fahr., nearly. 


This is by no means an excessive temperature. The tendency of 
machinery builders, however, is to limit the final bearing tempera- 
tures to approximately 150 deg. Fahr.; this is very conservative. 
According to Bearings and Their Lubrication, by L. P. Alford: 
“Tn practice it is necessary to design bearings to run at a much lower 
temperature than will cause damage, because of the requirements 
of the average customer. Such a maximum temperature is from 
140 to 160 deg. Fahr. Itis probably true that the average bearing 
could just as well run at a temperature of 200 deg. Fahr. . 

The actual temperatures of large bearings was the subject of observa- 
tions by A. M. Martice (Trans. A. S. M. E., Vol. 27), who states 
that examination of the temperatures of a large number of main 
bearings of engines of various makes showed more large engines 
running with bearings at temperatures over than under 135 deg. 
Fahr. Many bearings were running at over 150 deg., some consider- 
ably higher, and in one case a continuous temperature of 18c deg. 
was found, and in all of these cases the bearings were giving no 
trouble. 

H. M. Martin (The Design and Construction of Steam Turbines) 
says “turbines in which the bearing temperature is constantly about 
195 deg. Fahr. have given no trouble in practice, but a more usual 
limit of temperature is 165 deg. Fahr.” 

The bearing oil loses its lubricating qualities at a temperature 
about 250 deg. Fahr., approximately. Returning to our example, we 
get the specific loss y, which in this case is read on the DD scale 


y=.451. 
Hence from (q) Y=yold=.451 X12.7X9 X4.5 = 232 f{t.-lbs. per sec. 


Example 2.—Given a bearing running at a rubbing speed of 6.5 ft. 
per sec. and the conditions of a still-air bearing with small iron masses; 
Fig. 8 must now be used according to the rules for speeds below 8.5 ft. 
per sec. We get the final bearing temperature=138 deg. Fahr., 
and the specific loss on scale FF, y=.43. 

The maximum allowable final bearing temperature at a given room 
temperature determines the maximum speed at which the journal 
can be run without artificial cooling; thus, in the first example, if 
146 deg. Fahr. is considered as the maximum allowable bearing tem- 
perature, we cannot run this bearing at a higher speed than 12.7 
ft. per sec. without artificially cooling the bearing. 

In the following, we shall only consider cooling by means of 
water. 

If D=the temperature difference, deg. Fahr., of the water before 


and after cooling (a practical, average value of D is 20 to 25 deg. 
Fahr.), 


Vi=actual rubbing speed of journal, ft. per sec., 
V2=maximum speed in ft. per sec., at which bearing can be run at 
the maximum allowable temperature without water cooling, 
y=specific loss in bearing, corresponding to the rubbing speed 
V2, and determined by the chart, 
then to keep the bearing at a temperature corresponding to V2, we 
must use 
y( Vi- V.)ld 
O=" 108 D " 
gallons of water per min. 

Example 3.—Suppose, for instance, that we wish to run the bearing 
in Example 1 at a speed of 20 ft. per sec., but that the maximum allow- 
able temperature must be kept at 146 deg. Fahr., then we have 

Vi=20 ft. per sec., 

V2=12.7 ft. per sec., 


corresponding to a temperature of 146 deg. Fahr. at 75 deg. Fahr. 


room temperature, y=.451, as previously determined (see Example 


No. 1), then, using the value D=20 deg. Fahr., we get from (s) 


__ .451(20— 12.7) 
= 108 X 20 
=.062 gal. of water per min. 


X9X4.5, 


A very important use cf Fig. 8 thus consists in the possibility of 
determining the limiting speed at which a bearing can be run without 
artificial cooling at a given maximum bearing temperature. Tf 
high final bearing temperatures are allowed, very high rubbing speeds 
may be used; in fact, the allowable speeds increase much faster than 
the corresponding temperatures; thus, at a final bearing temperature 
of, say, 195 deg. Fahr., and at a room temperature of 75 deg. Fahr., 
Fig. 8, determines a limiting rubbing speed of 40 ft. per sec. (against 
12.7 ft. per sec. at 146 deg. Fahr.), for a ventilated bearing and a 
limiting rubbing speed of 23 ft. per sec. for a still-air bearing. 

In determining these speeds, the chart is read in the opposite direc- 
tion, by starting at the final bearing temperature, then tracing parallel 
to the BB axis until the room-temperature curve is reached, thence 
horizontally to the left to the BB axis. The point reached on this 
axis is then connected with M or WN (as the case may be), and the con- 
necting line intersects the speed axis AA at points, which give the 
maximum allowable rubbing speeds at the given maximum bearing 
temperatures. 


Materials for Bearings 


Materials for bearings form an endless subject of discussion. The 
author is convinced that cast-iron is entitled to a far wider use than 
it has received. It has the well-known property of taking on a glazed 
surface which is practically proof against wear. As John Richards 
has put it, “‘there is no doubt that prejudice or mistrust prevents the 
use of iron bearings in many cases where they are best.” Failures 
of cast-iron bearings are charged to the material, while failures of 
other bearings are charged to fate or luck. 

Those who oppose the use of cast-iron fail to recognize the numerous 
cases for which its use is so habitual that nothing else is thought of. 
Of these, the most striking are the unbalanced slide valves of common 
steam engines, which work under heavy loads and very indifferent 
lubrication. Eccentrics and eccentric straps, especially of locomo- 
tives, work under scarcely less favorable conditions of load and lubri- 
cation, with the additional condition of high speed. The tables of 
planers and boring mills and all manner of sliding bearings in machine 
tools form additional illustrations. For steam engine cross-head 
slides and cross heads nothing equalsit. Finally, the line-shaft hang- 
ers made by Wm. Sellers & Co. since prior to 1850 have been made 
of this material. These bearings have run for thirty years without 
appreciable wear. 

A test of cast-iron and other materials for live spindle lathe bearings 
was made by the R. K. Le Blond Machine Tool Co. (Amer. Mach., 
Mar. 23, 1911). Four experimental 18-in. lathes were fitted with dif- 
ferent combinations of bearing materials, as follows: 

1. Hardened steel spindle with cast-iron boxes. 

2. Soft steel spindle with babbitt boxes. 

3. Hardened steel spindle with bronze boxes. 

4. Soft steel spindle with bronze boxes. 

The soft steel spindles were of 60-carbon crucible steel; the bronze 
was made to the specifications of the Pennsylvania Railroad C ompany. 
After the end of some 8 years’ service and treatment as far as possible 
identical for all four lathes, it was found that their rating as regards 
absence of wear and general satisfaction was in the order as given 
above; that is, the hardened-steel spindle with cast-iron boxes was 
the best combination. Both spindle and boxes were in as good con- 
dition as when placed in the lathe, and from all appearances and 
tests showed absolutely no wear. 

Mr. Le Blond adds the following general observations: The 
question of bearing metals is a question of affinity. One metal has 


\@ 
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_ an afhnity for a certain other metal, and as very often illustrated in 


life, a soft spindle may be married to a bronze box when its affinity is 
babbitt. In other words, a successful bearing must be composed of 
two metals of entirely different degrees of hardness and disposition. 
The only exception to this rule is cast-iron and cast-iron. 

It is a matter of general-knowledge that a soft-steel spindle and 
a soft-steel bearing will immediately cut and run together; in fact, it is 
practically impossibile to lubricate this combination so it will not 
cut. 

_ A soft-steel spindle and bronze bearing is probably the next worst 
combination, as the metals are very similar in hardness and under 
the very best conditions will scratch and cut. 

A soft-steel spindle and cast-iron bearing will give splendid wear 
if properly lubricated, but will not stand for the slightest neglect. 

A soft-steel spindle and babbitt will give excellent service, stand for 
a great deal of abuse; in fact is as near a fool proof proposition as any. 

The hardened-steel spindle and cast-iron will stand as much 
neglect as any combination of metals, has a much longer life, will 
retain its accuracy for an indefinite period, withstand intermittent 
pressure or a series of blows which would peen out and loosen babbitt, 
and, from our experience, the most fool-proof bearing in the world 
to-day is the cast-iron and hard spindle. It has indefinite life, re- 
quires absolutely no adjustment and will stand the maximum of 
abuse. ‘ 

The original patent of Isaac Babbitt (issued in 1839) was not for the 
alloy known by his name, but for the method of its application. 
The exact formula used by the inventor is not known. Tin, copper 
and antimony were the ingredients, and from the best sources of 
information the original proportions in per cent. were as follows: 


Tin=89.3 or 83.3 or 89.1. 
Copper= 3.6 or 8.3 0r 3.7. 
Antimony= 7.1o0r 8.30r 7.4. 


This metal, when carefully prepared, is one of the best metals in 
use for lining boxes that are subjected to heavy weight and wear. 

A concise summary of modern practice with composition bearing 
alloys is given by JoHN F. BucHanan (The Foundry, 1906) thus: 

To make the best grade of babbitt or anti-friction metal, proceed 
as follows: Select the purest metals that can be had, and the most 
suitable recipe for the duty of the alloy; make a preliminary mix of 
the refractories in a plumbago crucible, and pour it out for “‘harden- 
ing.” Melt the metal which forms the basis of the alloy (it may be 
tin, lead, or zinc), and dissolve the hardening therein, at a gentle 
heat, using sawdust, tallow, or powdered sal-ammoniac for a flux. 
For making a large quantity in the ordinary brass furnace, make a 
cast-iron crucible 2 ins. smaller than the diameter of the furnace; 
lower it into the furnace and lute round. One word of caution is 
needed here. Zinc should not be melted in an iron pot, but if melted 
in a plumbago crucible it may be poured and mixed with the other 
components of the alloy already melted in the pot. 

The utility of babbitt metal is not to be gaged by its cost per 
pound. A cheap babbitt (lead or zinc base), well made, may give 
better service than a costly mixture which has been carelessly 
blended. Generally speaking, the commercial grade numbers of 
bearing metals are for: 1, light loads and high speeds; 2, medium 
loads and moderate speeds; 3, heavy loads and slow or moderate 
speeds; and 4, heavy loads and high speeds. Such grading is reason- 
able, for the hardness of the alloys increases with the numbers, and 
price does not count. 

Babbitt metal, correctly speaking, is a tin alloy, but modern en- 
gineering practice and commercial usage favor the application of 
the name to all metals capable of the same duty as babbitt. Hence 
we get three series of babbitt or anti-friction metals: 1st, the tin 
series; 2d, the lead series; 3d, the zinc series. Tin is the most 
polishable of the soft metals, and it alloys readily with any of the 
useful metals employed for minimizing the friction of machinery; 


it has been made the basis of the best anti-friction alloys. Lead is 
undoubtedly the best anti-friction medium among metals, but it 
lacks stiffness to stand up to the work. Copper is the ideal bond 
for zinc alloys, and zinc is the most expansible and durable of metals. 
Zinc babbitts cast well, wear well, and fit snugly to the bearing. 
Owing to its highly crystalline structure, antimony, the principal 
hardening element, should not exceed 20 per cent., as it is apt to 
separate and rub out of the alloy—r7 per cent. has been fixed as the 
limit by an eminent authority. 

The mutual relations of the metals determine the mechanical 
properties of the alloys. Zinc and antimony are too much alike to 
be used simultaneously, and tin alloys, without copper, are apt to 
spread under heavy loads. Due to its poor affinity for lead and tin 
and its low atomic volume, aluminum is not a suitable metal for anti- 
friction alloys. Bismuth, on the contrary, is a decided advantage 
up to about 1.5 per cent. This metal has been freely used in the 
production of some modern alloys, notably those with low fusibility, 
low contraction and high atomic volume. In Table to are given 
some special mixtures which have given complete satisfaction for 
the duty stated, and in Table 11 are given four grades of mixtures. 

In each case the metals represented by the figures 7, 17, and 6 
constitute the “hardening.” These are copper-hardened alloys— 
the copper content being over 5 per cent.—and provide a series of 
cheap, serviceable, anti-friction metals. 


TABLE 10,-—MISCELLANEOUS BEARING METALS 


av, ‘ . Anti- Bis- 

For lining Tin | Lead | Zinc ony Copper meer 
Dynamos: high-speed. | 88 |....../:..... 8 2.8 25 
Marine engines....... 2) 77 ca Poti SA 3 3 Sez 
ISCCEMtrICS neta eeae 5 Hotes | tree malar analy 2 oS 
Submerged bearings...| 40 A Stn ae eis LO 2 
Main bearings........| 34 7 Bedllecuates |) AES: 6 
Slidesstubiustsmre sr 63° jeiaran al 630 Bets 255 
Railway trucks........ Zi Meee cares l\ Sellers ai pS 
Axle-boxes (by analysis)| 74.22} 13.50] 1.80 | 6.55 | 3.60 
Anti-acid metal (by| 78.84) 14.75]......| trace | 3.70 

analysis). 

Plasticanetal ccs 80 TOs eek I 8 I 
Genuinesbabbitt (hard)|| 80) |; 2. 2. |-2..44)) 10 to 4 
Genuine babbitt (No. 2)) 88 |...... 9 8 
Universal bearing metal} 6 78 |e oe -va| 910) awe eg 
Anti-friction castings...| 24 80 eA. 

TABLE 11.—A SERIES OF CoppER HARDENED ALLOYS 

Grades I 2 3 4 : 
Winer: ere eee 77 Til | 17 
Od eed OP nae A hee ae 17 7 Ne 
Veadus ie... cecinee ef Vi 7 | L7 
PATVENITIONL Yn ateete mee 7 Pn tettincan Aicl |: Perro okieth tat 6 
Goppenn irate 6 6 6 7 


The composition of many common bearing metals, as determined in 
the laboratories of the Pennsylvania Railroad and published by Dr. 
Duptey (Journal of the Franklin Institute, Feb., 1892), is given in 


Tables 12 and 13. 


The bearing metal known as the standard of the Bureau of Steam 
Engineering of the United States Navy, also called anti-friction or 
anti-attrition metal, has this composition: 


Best refined copper..........+-++++++ 3.7 per cent. 
88.8 per cent. 
i 


Banca tiniwnranteita kia siecd Nene apt ro 
Regulus of antimony...........+..+-- US percent. 


The percentages are by we'ght. The mixture must be well fluxed 


with borax and rosin in mixing. 
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TABLE 12.—ComposITION OF BEARING METALS (PER CENT.) 


Name of metal! Copper} Tin Lead mae Zinc Tron 
Camelia metal.| 70.2 4.25 DONG AIM ae ice eael | BUC 515'5) 
Anti-friction TOW | OCLs ieee eiseoll saree Castner trace 
metal. 
WWilriteqmme tall er|neneeardl aia aeete Se teyioOD |) ORC ans 30 - 
Car brasslining.|.......} trace | 84.87 | 15.1 Het 
Salgee metal...| 4.01 | 9.91 Ties aya |e atecro Bx 85 ATi aseueeuaene 
Graphite bear- |....... T4938 | 67273 | 16.73 not de- 
ing metal. Graphite/—none termined 
punteoryaenleevalll, ae Gael oo on ocn| meas) | aboiees le asacu ibe. oscoe 
Carbon bronze.| 75.47 | 9.72 EARS 7 seteyae tee eoreeg re. 
Carbon-|—possiblie _ tra|ce 
Cornish bronze.| 77.83 | 9.6 Ue WS oe oe trace | trace 
Phospho|rus—tra/ce 
Delta metals. | 92530 || 2.37 Cat Serta Rerces ee . 007 
Magnolianmetalllpece iiss ene Sass eile LO 4.5 alee ent 
Traces of] iron, co|pper, zijnc and 
possibly |bismuth 
American anti- 78.44 | 19.6 .98 .65 
friction metal. 
Tobin bronze..| 59 2.16 aa 38.4 aati 
Graney bronze.| 75.8 0.2 iG 60 Oil veme cater cal shee vaca 
Damascus 76.41 | 10.6 T 22 GOA |e we oe ere een? 
bronze. 
Manganese 90.52 9.58 etexcWene He 
bronze. Mangan ese— none 
Ajax metal....| 81.24 | 10.98 VisPUE-\ Soomaali outed 
Phosphorus or iii 
arsenic 
NSC AMOS. soho alecoca con elsog@ | ansseR 
friction metal. 
Harrington 55.73 SOA SERS ao tliena eee x 42.67 .68 
bronze. 
Warpoxancraledlea ener i O4n Ss sulew4asouletrace .61 
Elarclelea clam mparce lease rreral steterers cee 94.4 GsOR Noor sos 
Phosphor 7OeL 7a Lone? 9.61 
bronze. Phos- 
phorus 04 
Ex. B. metal...| 76.8 8 ales ister, ceo tedl niente 
Phos- 2 
phorus 


TABLE 13.—COMPOSITION OF BEARING METALS (PER CENT) 


wn 
hy ia 24) ie u 
e\ ela] 2 lela) 4] 2 
iS} BS H Ss oii] @ 5 N 
O 5 Al ola 
_ 
Plastic bronze........)| 64 || 30 Wall ye tee tg MeL alas sh af vf| PRO 
Phosphor bronze..... Om TOs TOs lors PAG el ie Sell fetes chan reste 
Cyprusibronzeeenae. 64.75) 30 Gall acc tce ray eee festeaaweell ea al cs 
Plumbic bronze....... 50) 4), 50 Ree Nie Ml ska 
Parsons white brass...| 2.25] .15|64.9 Oe HeainO8 
Demoybronzes. aca. Lory oye LIM on oa yan 
Standardsbabbitt mene sny. laden | So nsO| 704 camel pee eee wee 
Shonberg M. M. metal) 2.5 25 SOrGoln tal Cele am SieiTeenOR 
Souther babbitt...... eS Oh Sg a i 
CH aAIN MDG. Pye 0) GuaShapeoolincidiis seek gel wok ocr 


The mixing of this anti-friction metal is a trick which must be 
learned. The best practice is to melt the copper, tin and antimony 
separately, adding the tin to the copper and the antimony to this 


mixture, fluxing it with borax with the proportion of about 1 $ Ibs. 
to 175 lbs. of the mixture; but satisfactory results are obtained by 
melting the copper first, dropping the cold tin into the melted copper 
and adding the antimony, which has been separately melted. This © 
metal is carefully skimmed before pouring, and is poured into pigs 
and carried into stock as it stands. 

The journal bronze used on battleships of the United States Navy 
has this composition: Copper 82 to 84, tin 12.5 to 14.5, zinc 2.5 to 
4.5, iron (max.) 0.06, lead (max.) 1.00, all in per cent., with a normal 
of 83-134-34. It is used for bearings, bushings, sleeves, slides, 

guide gibs, wedges on watertight doors and all parts subject to 
considerable wear. 

Albert E. Guy gives the composition of the high-speed babbitt 
used in De Laval steam turbines as: copper ro, tin 80, and antimony 
ro per cent. For low speeds the metal used is: lead 77, tin 6 and 
antimony 17 per cent. 

The Mesta Machine Company, on rolling mill work, uses two 
grades of babbitt and a bronze. For the general run of work, a 
lead babbitt is satisfactory having this composition in per cent.: lead 
75, tin 12.5, antimony 12.5. For high rubbing speeds a mixture is 
made of 1 part of the above and 2 parts of genuine babbitt. This 
genuine babbitt, alone, is used on rolling mill engines and in bearings 
subjected to shock and pound. Its composition in per cent. is: tin 
82, copper 5.4, antimony 12.6. The bronze is a tough copper-tin- 
lead alloy very similar to Pennsylvania Railroad metal. 

The alloys division of the Standards Committee of the Society of 
Automobile Engineers in their report for June, Igri, specifies four 
bearing metals as follows: 


BapsBit METAL, SPECIFICATION No. 24 


EitR £5. cegcte BE ee ree rane . 84 per cent. 
Antimony." 6.4 os Scere ee te i, ee 
Coppers soc dob wh swe ee ane oe ae 


A variation of 1 per cent. either way will be permissible in the tin, 
and o.5 per cent. either way will be permissible in the antimony and 
copper. The use of other than virgin metals is prohibited. No 
impurity will be permitted other than lead, and that not in excess of 
0.25 per cent. 

Note: This grade of babbitt is special, owing to the large amount of 
copper contained therein. Itis used for the connecting-rod bearings 
of gasoline motor bearings, locomotive work, or for any service where 
machinery designers are confronted with severe operating conditions. 


WHITE Brass, SPECIFICATION No. 25 


Copper. . ry rom Sohn te he gee 
Tin, not ies aes ....e.-. 65.00 per cent. 
TS Rte - 28.00 to 30.00 per cent. 


Metal containing more than 0.25 per cent. impurities may be 
rejected. 

Nore: This alloy gives good results in automobile engines, but 
provision should be made to have it generously lubricated. 


PHOSPHOR BRONZE BEARING METAL, SPECIFICATION No. 26 


Copperxcu. Sesemeereen . 80.00 per cent. 
EAD igs 0 Seis cies. orn ASL es en 
Lead Cus. wae aie nics, oie en Gl GGsenetenTC! 
Phosphorus................. ©.0§ to 0.25 per cent. 


Impurities in excess of 0.25 per cent. will not be permitted. 

Nore: This is a metal similar to that specified by many railroads 
for various purposes. It is an excellent composition where good anti- 
frictional qualities are desired, standing up exceedingly well under 
heavy loads and severe usage. It should be used only against hard- 
ened steel in automobile construction. 
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‘Rep Brass, SPECIFICATION No. 27 


COPPER. Tires eae e. . 85.00 per cent. 
ALLIS ape ea Meee eet cite lc Oy 5.00 per cent. 
LDSES IE AAG eal A iat Ta ie 5.00 per cent. 
TIN CER eR ROR | Sars GENE, OR ey 


5.00 per cent. 


A tolerance of 1 per cent. plus or minus will be allowed in the above 
percentages. Impurities in excess of .25 per cent. will not be 
permitted. ; 

Nore: A high grade of composition metal, and an excellent bear- 
_ing where speed and pressure are not excessive. Largely used for 
‘light castings, and possesses good machining qualities. 

The following particulars regarding Westinghouse practice with 
babbitted bearings are by Jesse L. Jones, metallurgist Westinghouse 
Electric & Mfg. Co. (Amer. Mach., Apr. 18,1912). The company 
has adopted two principal babbitts—a tin-base babbitt that is very 
easy flowing and suited to pouring extremely thin linings. This 
babbitt is much tougher and but slightly softer than the original 
genuine babbitt formula which is often referred to as the U. S. 
Government Standard. 

The second is a lead-base babbitt that contains considerable tin, 
flows well and is much tougher and but slightly softer than the usual 
babbitts of the Magnolia class. 

Some use is also made of the lead-antimony, a hard genuine babbitt, 
and other special formulas that customers may specify. 

In order to insure the best results in bearings, only the very best 
grades of copper, lead, tin and antimony are used. The use of 
drossy lead, off grades of tin and antimonial lead results in inferior 
babbitt and unsatisfactory bearings, and is therefore most carefully 
guarded against. 

While the amount of copperin most babbitts is small, the use of the 
electrolytic grades is to be preferred, as some of the Lake brands are 
high in arsenic and this may cause poor adherence of the babbitt 

- lining to bronze shells. 

Most of the brands of lead on the market are almost chemically 
pure but they contain varying amounts of dross and oxide and the 
only practical way of testing them is to run down too lbs. or more 
in a graphite crucible, boil up with green hickory wood, skim off the 
dross and weigh the clean lead. The same brand of lead may be very 
clean at one time and drossy at another, and the melting loss in 
making babbitt from it will vary accordingly, as will also the anti- 
frictional qualities. 

There is no real economy in using an off grade of tin running from 
93 to 08 per cent. of tin, instead of Straits, as it is necessary to pay 
for the tin content at the market price of tin, and the lead content 
at the market price of lead, so that all that is obtained gratis is a 
little iron, antimony, dross, etc., that will increase the melting loss 
and add nothing to the quality of the babbitt. 

The grade of antimony to be used has been the subject of very ex- 
tensive practical tests. It has been found that in some cases the 
better brands, having almost identical chemical analysis, give quite 
different results in the finished babbitt in regard to hardness. As 
antimony is used as a hardening agent, and as the total amount used 
in any babbitt is relatively small, the brand which has given the best 
practical results, although it is the highest priced antimony on the 
market, has been adopted. 

No adequate explanation has as yet been found to show why this 
particular brand gives better results than other brands of practically 
identical composition, but this fact has been checked so often that 
it is now accepted without question. 

Having secured the best materials obtainable they are melted to- 
gether in the proper proportions to produce the grade of babbitt 
desired. It is customary in making a genuine babbitt to combine 
the copper and antimony, or the copper, antimony and part of the 
tin to form a preliminary alloy or hardener. This is mixed with 
the rest of the tin, thus giving a more uniform product. 

A temperature of about 900 deg. Fahr. should be used in mixing 


a babbitt to secure satisfactory alloying, and the surface of the metal 


should be protected from oxidization by a layer of powdered char- 
coal. Dross is removed by boiling up with green hickory wood, and 
the babbitt may be deoxidized by means of vanadium, manganese, 
aluminum, magnesium, sodium, etc. When all new metals are used, 
deoxidization is, as a rule, unnecessary. 

Before pouring into ingots, the temperature of the babbitt should 
be lowered considerably, especially if water-cooled molds are not used, 
as a finer grain is thus secured. 

For pouring the ingots a bucket-shaped ladle with a bail and 
handle and a long, square-nosed pouring spout should be used. It 
gives a good surface as the metal is less agitated in the pouring than 
when the ordinary ladle is used. A few ounces of the babbitt should 
first be poured into the mold, the stream interrupted for a second 
and then the pouring of the ingot completed. A cushion for the 
stream is thus formed and the surface is smoother as a result. Small 
air bubbles are removed by touching with a wooden pick before the 
metal solidifies. 

Taking so much pains to obtain ingots of good appearance may 
seem unnecessary when the babbitt is for one’s own use, but it has 
been found that the nicer the appearance of the ingots, the better 
the bearings turned out, as the workman babbitting the bearings will 
take more pains with his work than when rough-looking ingots are 
given him. 

The Brinell hardness test has been found satisfactory as a shop 
test for securing uniformity in the babbitt. Tests are taken from 
the top, middle, and bottom of each kettle of the ingot metal and 
similar control tests are made daily on each of the various babbitt 
pots throughout the works where the bearings are filled. 
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less than 9 Diameter 


FIG. 10. 


For all Split Bearings 
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Fic. o. 


Fics. 9 and ro.—Anchor core and standard anchors of Westing- 
house babbitt bearings. 


Bending, fluidity and peening tests are made daily on strips 12X 
4xXtzin. Analysis, tensile, compression and specific-gravity tests are 
also made occasionally, while a babbitt inspector, who is a thoroughly 
practical man, has general supervision of all babbitt pots and the 
pouring of all bearings. 

Bearing shells for stationary apparatus are usually made from 
cast-iron, because of its rigidity and cheapness. Where mechanicai 
strength, a certain amount of toughness and cheapness are desired, 
malleable iron is used. 

Shells of cast steel are made for some customers but they are not 
recommended as they do not retain their shape. 

For street cars, etc., standard phosphor-bronze shells are used, 
because with such a bearing the return of a car to the barn is assured 
even if the babbitt melts and runs from the bearing. 

To prevent the babbitt lining from flowing, due to the revolution 
of the axle, all iron bearings are provided with cast anchor holes. 
These are made by adding to the green-sand core of the casting, 
baked anchor cores, secured with brads as shown in Fig. 9. 

There are two sizes of anchors used, } and { in. as shown in 
Fig. ro. Where bearings are bored before babbitting the cores are 
made of such length that the holes will be standard after boring. To 
help the molder in setting the cores, the pattern maker spots the pat- 
tern so that it will leave small center marks on the green-sand core. 
Along the straight lips of each half bearing, the anchor holes should 
be very numerous and as close to the edge as is possible in casting. 
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With bronze shells, undercut grooves or anchor holes, drilled in 
diagonally, may be added to prevent the lining loosening in case the 
bearing has been poorly tinned, but if properly tinned and babbitted, 
these are unnecessary. The greater the amount of babbitt in the 
anchor holes of a bronze bearing the greater will be the shrinkage 
and the more likely the lining will be to be loose and spongy. 

A bearing with large anchor holes seldom gives a clear, bell-like 
sound when struck with a hammer. But if the anchor holes are few 
and small, the bearing properly tinned and poured with a thin lin- 
ing, the babbitt becomes an integral part of the bearing, can only be 
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Rough boring all bearings before babbitting is desirable, as. it 
gives a lining of the babbitt of uniform thickness, a uniform grain 
and hence a uniform rate of wear. : 

All iron shells are heated before babbitting to a temperature tha 
will just admit handling them, say 350 deg. Fahr. This heating 
is done preferably in an oven, but it may be done over a coke or 
gas fire. In the latter case, especially with bronze bearings, the 
inner surface that is to be babbitted must be turned upward, 
otherwise a greasy deposit will form on the bearing that will prevent 
a good job of tinning, and hence the proper adherence of the babbitt. 
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Fic. 11.—Standard bore finishes of Westinghouse babbit bearings. 
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stripped off with great difficulty and leaves a white frost on the 
bronze. 

Iron bearings are cleaned in the tumbling barrel, or by the sand 
blast at the foundry. It is usually necessary to clean out the anchor 
holes by hand before babbitting, or even to pickle in hydrofluoric 
acid (especially on bearings provided with oil-ring lubrication), be- 
cause any adherent sand will be loosened by the hammering necessary 
in adjusting the mandrel, and this sand mingling with the babbitt 
when poured will ruin the bearing. 


The tinning of bronze shells is best done by immersing them in a 
pot of molten solder of half and half composition, using a saturated 
solution of zinc chloride as a flux, applied with a mop of clean woolen 
waste. Immediately after tinning, the bearing is placed on the man- 
drel and babbitted. Unless there is a clean film of molten solder over 
the entire surface to be babbitted there will not be a perfect adher- 
ence of the layer of babbitt. 

This will also be true if babbitt has been used for the tinning, as 
the babbitt has a much higher melting-point than the solder, andl 
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maintaining a clear molten film with it is difficult. The presence of 
arsenic in the babbitt, due to the use of cheap antimony, or anti- 
monial lead, will result in loose linings also. 

In order to avoid blow-holes and imperfections in the babbitt lin- 
ing, it is very necessary to coat all mandrels with a very thin coating 
of clay wash, Put a pound or two of Jersey red clay in a pail of 
water and stir until suspended, then plunge the heated mandrel into 
it. The mandrel will soon dry and the molten babbitt will lie on it, 
giving a smooth surface, free from bubbles. 

This makes it possible to line a bearing with as little as 3 in. of 
babbitt and the surface will be so smooth that only .008 to .oro in. 
need be machined out for the finish. Brass shells from rt} to 43 


Horizontal Solid Bearings 


Vertical Bearings 
Bearing Diameter| A |B | Gib 


23 


The babbitt is melted in cast-iron kettles holding about 500 lbs., 
and fired by gas. On first melting the new ingots, or in remelting 
the babbitt which has solidified after standing in the kettle, it will 
be found that the tin in the babbitt will commence to liquate at 
about 450 deg. Fahr.; hence it is necessary for satisfactory work to 
heat the babbitt to about 850 deg. Fahr. on starting up, and stir 
very thoroughly before pouring into the bearings, as otherwise the 
babbitt will not be of uniform composition. : 

After once thoroughly alloyed in this manner, there is compara- 
tively little tendency for the tin to liquate, so long as the tempera-- 
tures given as satisfactory pouring temperatures are maintained, al-- 
though stirring of the babbitt during the pouring process is desirable.. 
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Frc. 12.—Westinghouse practice for oil grooves in bearings. 


ins. in diameter are usually lined with 2; in. of babbitt and .o14 to 
016 in. machined out. Iron shells are lined with } in. of babbitt and 
zs in. machined out. 

The use of the clay is especially necessary where oil gets on the 
mandrels, The oil causes the vabbitt to blister. Half an hour’s 
babbitting will not suffice to burn off the vil, but if the clay wash is 
used the oil is covered up and smooth bearings result. 

Cast-iron shells are rarely if ever tinned, as such tinning cannot be 
depended upon to hold the lining in place. If the shells are made hot 
enough for the solder to alloy with the iron, the solder will oxidize 
and will not adhere. If kept cool enough not to burn the solder, the 
solder will fail to alloy with the iron, and hence will peel off when cool. 


The importance of the pouring operation may seem to be exagger- 
ated in this statement, but if it leads the manufacturer to employ a 
skilled workman for pouring bearings, instead of a laborer, the slight 
exaggeration will be justified, for the skilled workman will not only 
pour the bearing properly, but he will also see to it that the qual- 
ity of the babbitt, its temperature and the tinning are what they 
should be. 

The temperature at which the babbitt is poured is important. If 
much above goo deg. ahr. tne shrinkage 1s very pronounced, and 
porous areas result, while the babbitt will be dirty and oxidized and 
its antifrictional qualities injured. Uniformity of temperature is 
desirable, and this is maintained by the use of a delicate thermostat. 
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The thermostat is set for 860 deg. Fahr. and the gas is shut off when 
880 deg. Fahr. is reached, or if the temperature falls below 840 deg. 
Fahr. more gas is turned on. 

The shape of the lips of the ladle used for pouring bearings is very 
important. The lips should not be sharp but rounded, so that the 
stream will not strike either mandrel or shell, otherwise a burnt 
streak will result. A broad stream or an intermittent stream will 
produce porous areas or masses of blow-holes. A good pourer will 
keep both elbows close to his body, use a hand leather, so that he 
can grasp the handle of the ladle near the bowl, and hold his body 
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Fic. 13.—A plain bearing with formulas for dimensions. 


Fic. 14.—Heavy pedestal bearings with table of dimensions. 
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Remarks.—In the column F there are two bolts to shafts 7 ins. dia- 
meter; above that, four bolts in each bearing. The side brasses or cheeks are 
set up with screws K, but in a manner free from the common objection to this 
method. The screws are inserted from the inside, and have enlarged ends to 
give bearing enough to meet allrequirements. The recesses to receive these en- 
jarged ends can be cored in the main casting, and the cost of construction is no 
more than in the case of common set-screws, which should never be employed 
unless of very large size. The curves at N are developed to suit the height 
and area of base required. The bosses at O should be at least the depth of 
the plinth or base flange. Two are preferable for shafts larger than 5 ins. 
in diameter. When the caps become heavy the oil box can be made rectan- 
gular to remove useless metal, and is preferable in that form for bearings 
exceeding 5 ins. in diameter. 

When pedestal bearings of this kind are made without side brasses, or with 
a half shell on top, the transverse dimensions can be reduced, and should 
always be as small as possible. For mounting on masonry a sole plate should 
be used. This is generally required for the lateral adjustment of shafts. 


almost rigid while pouring, thus avoiding any surging of the metal 
in the ladle, or splashing. 

If the pourer is not very skillful, a sheet-iron bridge may be riveted 
to the lip of the ladle so that it will extend some distance below the 
surface of the metal. It can be adjusted so that it will give a stream 
of the diameter found best for the bearing being poured. This will 
not only regulate the stream out but keep the dross out of the 
bearin, 

see are preferably poured in a vertical position. Some half 
bearings are poured with the convex side upward through holes cast 
in the shells for the purpose. Very large bearings are usually poured 
with the concave side upward. 

All solid bearings are broached on a broaching machine, which is 
also used for pushing out the mandrel. This operation heats the 
bearing, making it necessary to allow it to reach the room tempera- 
ture before making the finishing cut. 
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Fic. 15.—A ring-oiled bearing. 
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Fic. 17.—An improvement on the ring-oiled bearing. 


The necessary allowances for the bore finishes of bearings are 
shown in Fig. 11, which gives the results of many years of experi- 
ence. For additional information on this subject, see Press and 
Running Fits. 

Oil grooves are cut in the finished bearings by hand because, as a 
rule, the babbitt lining is too thin to permit their being cast. Stand- 
ard forms of grooving are shown in Fig. r2. 

The most important element in the production of a satisfactory 
bearing is the pouring. The quality of the babbitt is important, the 
use of a thermostat is important, the tinning is important, but more 
depends on the actual pouring of the lining than on any other one 
element. 

Regarding oil grooves, there is great diversity of opinion and prac- 
tice. With film lubrication their presence on the pressure side of a 
bearing would seem more likely to do harm than good, while with 
ordinary lubrication the reverse is true. Some advocate blind- 
ended grooves to avoid escape of oil, while others object to blind 
grooves because of their liability to become clogged and useless. 
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With film lubrications, open-ended grooves are obviously inadmis- 
sible. One point is settled—the edges should be well rounded to 
facilitate the entrance of oil to the bearing and the same is true of 


the meeting edges of split boxes. Sharp edges of grooves act as oil 
scrapers, not oil distributors. 


Bearing Design 

A drawing of a simple split bearing with formulas for leading 
dimensions is given in Fig. 13, by C. F. Bax (Amer. Mach., Nov. 28, 
1901), while Fig. 14 and the accompanying table give dimensions of 
heavy four-part bearings by Jonn Ricuarps (A Manual of Machine 
Construction). 

The self-aligning (ball and socket) construction was introduced in 
1849 by Wm. Sellers & Co., as a feature of line shaft hanger bearings. 
It has now come into extended use for large bearings of high-class 
machinery. In connection with the oil ring, first published by 
PROFESSOR SWEET (Engineering, Jan., 1868), it is shown in Figs. 15 
and 16, Fig. 15 being a typical section of a bearing fitted with both 
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Fic. 16.—Dimensions of ball and socket, ring-oiled bearings. 


devices. Fig. 16, with the accompanying table of dimensions, 
gives the practice of the General Electric Co. Bearings up to and 
including 9 ins. diameter have two, and above that size four rings. 

Fig. 17 shows an improvement on the oil ring for high speeds, by 
the Builders’ Iron Foundry (Amer. Mach., Feb. 10, 1898), and applied 
by them to grinding and polishing stands. The loose ring is re- 
placed by a collar, which is forced on the shaft and revolves with it. 
The collar dips into a capacious oil cellar below as usual, and a wide 
circumferential channel is cast in the box for the ring to revolve in, 
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Fic. 19.—Water-cooled bearing with forced lubrication. 
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except that at the top this channel is obstructed by projections a, 
which provide only sufficient room for the collar to revolve freely. 
Their office is to scrape the oil from the ring. This not only deposits 
it on the top of the box, but the force with which the oil strikes the 
projections causes it to shoot down the channels provided for it 
endwise of the bearing. Collecting grooves are provided at the end 
of the bearing, as well as free return channels to the oil cellar. The 
obvious result is a positive flooded circulation of oil throughout the 
bearing. 

Fig. 18 shows ‘a water-cooled bearing, without self-alignment, for a 
large vertical engine, by the Union Iron Works (Amer. Mach., Oct. 12, 
1905). Four passages abcd are cast in the lower half of the bearing, 
the ribs which separate the passages having openings at alternate 
ends to provide a continuous flow, as indicated by arrows in the 
plan. The ends of the outer passages have tapped holes at e f for 
the water-pipe connections. The caps of the bearings have no 
water connections. 
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The General Electric Co. find water cooling to be increasingly 
effective as the cooling surfaces are brought nearer to the actual 
bearing surfaces. Their preferred construction of water-cooled bear- 
ing, having also forced lubrication, is shown in Fig. ro. A grid of 
cooling pipe is laid in recesses in the bearing sheet in such manner 
as to be imbedded in the babbitt. Both pipe and babbitt anchors 
are exaggerated in size in the illustration. 

Standard oil-retaining grooves, as applied by the General Electric 
Co. to split bearings, are shown in Fig. 20 and the accompanying 
table. 


End Play of Shafts 


The well-known freedom of large shafts, when in motion, to move 
endwise under small forces is thus explained by Luctan E. Prcoter 
(Amer. Mach., Dec. 15, 1910). 

Fig. 21 represents a loosely fitted bearing resting upon a journal 
and carrying a load P. When the journal rotates, the bearing is 


maintained in position by a force f P, acting opposite to the direc- 
tion of rotation and equivalent to the tangential effort due to the 
friction, f being the friction coefficient. ; 

For the present purpose the journal and its bearing may be rep- 
resented as in Fig. 22, by a block supporting the load P and resting 
upon a flat surface. If the block slide uniformly under the force X, 
obviously X=f P. Suppose now, another force F be applied perpen- 
dicular to X, as in Fig. 23. When the block is on the point of slid- 
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Fics. 21 to 23.—End motion of a rotating journal. 


iN 


SSS 
QI 


A 


Ss 


wept RNY 


Fic. 24.—Revolving element of the Glocker-White turbine governor. 


ing, the resultant R must be f P, since the resistance to sliding is 
the same in all directions. It at once follows that the application 
of the force F, however small, changes the direction of sliding from 
the direction of X to the direction of R and a gradual creeping takes 
place in the direction of F, It is clear that this end motion will 
occur, no matter how small F is, or how great the friction, because 
R will always be the diagonal of the rectangle formed by the forces 


X and F, and R will change its angle, though not its value, to suit 
the value of F, 
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Advantage may frequently be taken of the freedom of revolving 
shafts to move endwise in the construction of machines of which 
delicate adjustment is an essential feature. 

An example is the well-known dead load tester for pressure gages, 
in which turning the plunger completely frees it of endwise friction, 
Another example is found in the Glocker-White governor, applied 
_ by the I. P. Morris Co. to four 13,000-h.p. turbines at Niagara Falls 
(Amer. Mach., Aug. 6, 1908), and shown, in Fig. 24. 

The fly balls, a, are of special construction to suit the peculiar re- 
quirements of turbine governing. Through links, 6, they act on 
the sleeve, c, through which connection is made with the other 
mechanism of the governor. The. driving shaft, d, is cut off at e, 
the spindle, f, being supported stationary at its upper end, sleeve, c, 
revolving upon it. The result is absolute freedom of sleeve, c, to 
respond to the forces exerted by the fly balls. 

Bearings in which end motion takes place are free from the ten- 
- dency to streak, which characterizes bearings with closely fitted end 
flanges. 


Thrust Bearings 


Thrust bearings are much less favorably situated as regards lubrica- 
tion than journal bearings, as, except in the Kingsbury bearing, 
which see below, the film-forming tendency is absent. The best 
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Fic. 25.—Multiple washer thrust bearing. 


that can be expected of such bearings is oily surface lubrication. 
The discovery of the film-forming tendency of journal bearings by 
Beauchamp Tower explained the well-known fact that thrust bear- 
ings must be subjected to smaller unit pressures than journal bearings. 

Much less information is available on thrust than on journal bear- 
ings. A few figures for unit loads will be found in Table 1 of Per- 
missible Loads on Bearings and in Table 9 of Products of Pressure 
and Velocity of Bearings. 

A construction of multiple washer thrust bearing having peculiar 
merit, applied by the Newton Machine Tool Works to worm drives, 
is shown in Fig. 25 (Amer. Mach., Jan. 20, 1898). 

When several loose washers are interposed between the shaft col- 
lar and the face of the shaft bearing, it is obvious that slipping may 
occur between any pair of faces, and that this slipping will take place 
between those surfaces which at the moment offer the least friction. 
Should these surfaces from any cause increase their resistance, the 
slipping will be at once transferred to another joint, the various sur- 
faces acting as mutual safety valves to one another, any surface 
which gets into the condition of incipient heating or cutting being at 
once relieved by another taking up the work. The holes in the 
washers are larger than the shaft on which they are placed. ‘This 
construction introduces an irregular compound motion of the sur- 
faces upon one another, the advantages of which are well understood. 


It would seem to the author that these holes might well be # in. 
larger than the shaft. The washers should be covered to avoid 
criticism by the unthinking. 

Washers of vulcanized fiber have been used with conspicuous 
success in thrust bearings. They are used by the G. A. Gray Co. 
in the thrust bearings of their spiral geared planers, each bearing 
consisting of two fiber and one hardened steel disk. Fiber washers 
are also common in drilling machine thrusts. S. P. Yeo reports a 
test of the material under severe conditions (Amer. Mach., Oct. 24, 
1907), as follows: 

Our experiment was on two disks 9 ins. diameter with a 4-in. 
hole § in. thick. We used regular commercial red fiber, bored and 
turned carefully with cut oil grooves in it. The conditions these 
washers worked under were as follows: number of hours per day 
running, 9; revolutions per minute, 15; pressure per square inch, 
350 lbs.; disks running in oil. 

We found upon examining these disks after one month’s service 
that the fiber had worn to a glazy surface and showed very little 
wear. ‘The life of such a pair of disks was 1} years; the same size 
in bronze lasted about three months. 

Fig. 26 shows the step bearing of large Curtis vertical steam tur- 
bines. The bearing plate, or lower block, is of cast-iron rigidly 
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Fic. 26.—Step bearing of the vertical Curtis steam turbine. 


held by the frame. The block is guided at the sides and carried 
on a large screw, passing through a steel nut and coming in contact 
with a steel block set in the bearing plate. It is essential that this 
plate should be rigidly held, that its upper face should be a true plane 
set at right angle to the shaft axis, and that the clearance should be so 
small that the relative alinement of blocks and shaft cannot vary 
appreciably. The step plate is likewise of cast-iron and keyed to 
the lower end of the shaft. Both plates are recessed so that the 
surfaces of contact are collars. Directly above the step plate isa 
cylindrical guide bearing. ‘The contact faces of the blocks must be 
truly parallel, and the contact surfaces of the end of the screw be- 
neath the lower block and its mate must be likewise true and free 
from convexity. Oil is introduced through the center of the screw, 
passes upward, enters the recess in the center of the plate, passes out 
between the contact surfaces, and ascends upward through the guide 
bearing, as indicated by the arrows in the illustration. In service 
the plates are actually separated by a lubricating film; some four or 
five times as much lubricant as is necessary is usually pumped as a 
safeguard. ‘The greater the quantity the greater the separation be- 
tween the plates and the less the danger of cutting out. The actual 
separation of the plate is, of course, only a few thousandths of an 
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inch. From this fact it can be seen that this type of bearing calls 
for the best of workmanship. 

True film lubrication takes place in the Kingsbury thrust bearing, 
Fig. 27 (Amer. Mach., Mar. 13, 1913), which shows a bearing installed 
as part of a 17,500-h.p. hydraulic turbine generator of the Penn- 
sylvania Water & Power Co. at McCalls Ferry, Penn. The 
diameter of the bearing is 48 ins. and it carries a load of 410,000 lbs. 
at a speed of 94 r.p.m. The illustration shows the stationary ele- 
ment, the upper babbitted surfaces of the shoes D being the surfaces 
on which the revolving step bears. The shoes are segmental, as 
shown by the detached one at the left. A recess in the lower side 
of each shoe receives a block E one end of which is spherical and rests 
on the similar spherical end of a second block H. When in action, 
the segmental blocks tilt slightly and admit a film of oil between 
themselves and the revolving step, on which film the load is carried. 
Wedges F are for adjustment. A continuous circulation of oil is 
maintained, an inner retaining ring A and an outer ring B retaining 
the oil, of which holes, C, establish the level. 


Fic. 27.—The Kingsbury thrust bearing. 


These bearings carry very much higher unit pressures than the 
usual type of thrust bearing. Low-speed bearings on light oils 
regularly carry mean pressures up to 300 lbs. per sq. in. Higher 
speeds regularly carry loads up to 500 lbs. per sq. in. Heavier oils 
regularly carry goo lbs. per sq. in. In tests with light oils the oil 
film was shown to persist with mean pressures as high as 7000 lbs. 
per sq. in., at which pressure the babbitt face on the shoes flowed. 

The wedge shaped oil film in the thrust bearings is two or three 
times as thick at one end as at the other. On large bearings the cal- 
culated thickness is but a few thousandths of an inch at the thin end 
at moderate speeds with a light oil and pressures of 300 lbs. per sq. in. 
On small bearings it is often less than one thousandth of an inch. 

A feature of these bearings is the fact that the shoe tilt can vary 
with the speed, so as to adjust itself properly. Hence, when the 
bearing is at rest, the surfaces are parallel and in close contact in 
the vertical bearings. The starting and stopping of vertical bear- 
ings, some of which are loaded about as heavily at rest as when 
running, is their severest treatment. But as the surfaces are in 
contact all over when at rest, the mean pressure can be quite high 
and depends on the kind of oil and the bearing materials. 

General rules that have become well established for shaft bearing 
practice apply equally well to Kingsbury thrust bearings; that is, 
for low speed and heavy loads a thick oil must be used, while for 
high speed and light loads thinner oil is required. It is also found 
that for high speeds it is preferable to have the shoes faced with 
babbitt metal, the collar being of cast iron or mild steel. For very 
low speeds, coupled with high unit pressures, hardened steel or 
chilled iron may be used for the collars, and brass or bronze for the 
shoes. 

The friction loss in a Kingsbury bearing is very low. An approxi- 
mate rule for vertical bearings having six eccentrically supported 
shoes with inside diameter one-half the outside diameter, and loaded 


to 350 lbs. per sq. in. of shoe area, using dynamo oil and keeping the 
temperature at about 40 deg. Cent., makes the mean coefficient of 
friction .cooog times the square root of the r.p.m., and varying in- 
versely as the square root of the unit pressure. For example, if 
the shaft runs at 100 r.p.m., at a pressure of 350 lbs. per sq. in., 
the mean coefficient of friction is .ooog, an extremely low value, 
the result being due to the nearly ideal conditions for automatic 
lubrication. 

The starting friction is in some cases an entirely different matter. 
When the shaft is at rest with the load on the thrust bearing, which 
is the case with vertical shafts, the continuous oil film is not present, 
and the coefficient of friction between the metallic surfaces is high, 
averaging about .15. At the instant of starting there is some rubbing 
between the metals. In the bearings with babbitted shoes this 
rubbing is frequently evidenced by a sound like that of a hot bearing. 
The rubbing lasts only a very brief time (about quarter turn of 
the shaft), the oil film beginning to form at the instaat of starting, 
and increasing in extent and thickness as the speed increases. If 
the bearing is provided with clean oil the only wear that takes place 
is that due to the rubbing of the metals when starting and stopping. 
For conditions such as exist in horizontal steam turbines there is 
very little load on the thrust bearing at starting, and hence no reason 
to expect much wear. Even with vertical hydroelectric units, and 
similar machines in which the entire weight of the rotating part is 
carried on the thrust bearing at all times, it is found that the wear 
of the bearing is practically negligible. 

Many of these bearings have been fitted in hydroelectric power 
plants and some of them carry enormous loads, the maximum at 
this writing being 560,000 lbs. at the plant of the Mississippi River 
Power Company, Keokuk, Iowa. 

The reason for the unsatisfactory wear of step bearings lies in the fact 
that the wear of any bearing is proportional, other things being 
equal, to the product of the pressure on and the velocity of the rub- 
bing surfaces; and in a new flat step bearing, while the pressure is 
uniformly distributed over the surface, the velocity is greater as 
the distance from the center increases. Consequently the bearing 
wears much faster at the outside edges than in the center, and its 
effective area is practically reduced by wear, throwing increased pres- 
sure on the remaining portion and further increasing the tendency 
of the outer portion of the remaining effective surface to wear. The 
whole bearing is thus rapidly worn away in detail, as it were. 

This action is reduced if the bearing surface is a ring instead of an 
entire disk, and it is for this reason that collar bearings, such as the 
thrust bearings of steamships, do much better than step bearings. 

Theory indicates and practice confirms that the Schiele curve bear- 
ing, shown in Fig. 28 as the bearing of a worm, overcomes this 


Fic. 28.—The Schiele bearing as a worm step. 


action. This construction is one which the author feels has been 
unduly neglected. It conforms to Professor Sweet’s dictum that 
“things that do not tend to wear out of truth do not wear much.” 
Its basic principle is uniform wear, because its form is such that the 
pressure at different diameters increases as the velocity decreases. 
The cost of its construction is doubtless the chief cause of its neg- 
lect, but in heavy, rough machinery, in which unbored babbitted 


PLAIN OR SLIDING BEARINGS 


bearings are admissible, the extra cost is confined to the journal 
where it is not serious. 

; The construction of the Schiele curve, together with an approxima- 
tion to it which is practically sufficient, is thus explained by J. E. 
Jounson, Jr. (Amer. Mach., A pr. 21, 1904), who has had ample ex- 
perience with it in rugged work, and who unqualifiedly endorses it, 
one of his bearings having run for seven years without appreciable 
wear. p 

X X, Fig. 20, is the center line of the shaft, A B the maximum 
radius of the thrust bearing, and A the point of beginning of the 
curve. With A B asa radius from any point Ca short distance 

_ from B on the axis, strike a short arcc c, intersecting A Batc. Draw 
the line c, C or a small part of it next c, and from point D with the 
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Fic. 29.—Exact and approximate methods of laying out the Schiele 
curve. 


same radius proceed similarly, obtaining the line d, D and successively 
with points E FG, etc., until the outer portion of last line drawn 
comes down to the minimum radius desired for the bearing or to the 
radius of the shaft passing through the thrust bearing. In practice 
there is little to be gained by making J K less than half of A B. A 
smooth curve tangent to all the short lines outside their intersecting 
arcs is readily drawn and is the curve desired. The whole operation 
can be done in less time than it takes to describe it. 

For all practical purposes the curve may be drawn as two arcs of 
circles, as shown in the sketch, first an arc struck from the outside 
line of the bearing, prolonged, with a radius of 5-16 R, then tangent 
to this a second arc of radius 15-16 R, with its center on a line diverg- 
ing from the outer line of the bearing at 30 deg. passing through the 
center of the first arc. 

The double cone bearing has approximately the properties of the 
Schiele bearing and has found wide use for the spindles of precision 
machine tools. It originated during the early days of American 
watch making and was developed from the Schiele construction in 
order to take advantage of the grinding machine, since Schiele 
curves cannot be made on those machines. 

Figs. 30, 31 and 32, by Jas. DANGERFIELD (Amer. Mach., Mar. 27, 
1913) show approved constructions. The angles commonly used are 
3 and 45 deg., though angles of 4 and 5 deg. have been used in place 


of 3 deg. 
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Fig. 30 shows a typical journal with angles of 3 and 45 deg., the 
groove A being for clearance in grinding. Fig. 31 shows one form of 
construction. In this case the spindle B is soft, the front bearing 
C is hardened and shrunk on; the rear bearing is the sliding sleeve D, 
with a pin £ to key it to the spindle, and adjusted by the split bind- 
ingnut#’, The bearings C and D are ground in place on their spindle 
to fit the bushes G, which are usually of hardened steel, but bronze, 
cast-iron and babbitt metal have been used, 
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Fics. 30 to 32.—The double cone spindle bearing. 


Fig. 32 shows a construction by Mr. Dangerfield in which both 
end thrusts are on the front bearing. The rear bearing is straight. 
H is a split taper sleeve closed by the nut J and keyed to its bush K 
by the pin J. In case of wear of the side bearing causing shake, the 
thrust bearing is ground off enough to bring the side bearing to a fit 


Knife Edge Bearings 


The knife edge bearings of scales and testing machines form a 
class by themselves. According to J. W. BRAMWELL (Eng. News, 
June 14, 1906) loads of 10,000 lbs. per linear inch may be imposed in 
extreme cases, 5000 lbs. being, however, usually ample. For loads 
up to rooo Ibs. per in. the edge may be perfectly sharp. For 
greater loads the edge is rubbed with an oil stone so that a smooth- 
ness is just visible. The pivots should be thoroughly supported 
against deflection and consequent concentration of load and should 
be of high carbon—go to too points—steel. The temper of the 
seats should be drawn to a very light straw, that of the pivots being 
slightly darker. The angle of the pivots is usually 90 deg. 


BALL AND ROLLER BEARINGS 


The relations of the leading dimensions of ball and roller bearings 
may be determined from the following formulas and table by RoBERT 
A. Bruce (Amer. Mach., June 22, 1899). 


d=D sin ( =) da) pans ® 5 (6) 
R le (") We S=d (a() tae 


in which 
n=No. of balls (no clearance), D=diam. of ball centers circle, ins., 
d= diam. of balls, ins., R=diam. of inner race, ins., 
S=diam. of outer race, ins. 


For a total clearance c between balls, add : to d in formulas (a) 


and (6). 


LEADING DIMENSIONS OF BALL AND ROLLER BEARINGS 


I I 
He ( 
sin (Gey sin (2) : 
n n n 

wotes a2 Sea 43389 2.3048 3.3048 1.3048 

8 |.22°'30° 0” 38268 2.6131 3.6131 1.6131 

Ome200 Om Ore 34202 2.9238 3.9238 I.9238 
TO | T8ch eo" O14 30902 3.2360 4.2360 2.2360 
LD ensei ery 48231 28173 3.5495 4.5495 2.5495 
T2 i ES oO Or, 25882 3.8637 4.8637 2.8637 
TZ. | 13250 AGL 23932 4.1786 5.1786 3.1786 
Ame per Cen mena hy 77 22252 4.4940 5.4940 3.4940 
Sa r2° 0" 0” 20791 4.8007 5.8007 3.8007 
LO; epee t5", 6O"7 19509 5.1258 6.1258 4.1258 
L7e | EOS 50 1'7)5O-~ 18375 5.4422 6.4422 4.4422 
TSE leOcs OF 0” 17365 5.7588 6.7588 4.7588 
TOON 28/.25),217 16459 6.0755 7.0755 5.0755 
20 o2mor FO" 15653 6.3925 7.3925 5.3925 
PB | ERY aril fs to 14904 6.7095 7.7095 5.7095 
22 So n0 54.57" 14231 7.0267 8.0267 6.0267 
Bsa 49. 33\-0' 13617 7.3439 8.3439 6.3439 
24 7D 3O On 13053 7.6613 8.6613 6.6613 
EX Sil | fee CIN ee 12533 7.9787 8.9787 6.9787 
26 62S'5/ 23! 12054 8.2063 9.2063 7.2963 
27 62°40" 0” T1609 8.6138 9.6138 7.6138 
28 O22 5a Aln 8 II196 8.9314 9.9314 7.9314 
29 Oe T2ae2A aes 10812 9.2401 10.2401 8.2401 
30 62011074 10453 9.5668 10.5668 8.5668 


The following information on this subject is taken largely from a 
paper read before the A. S. M. E. (Trans. Vol., 29) and articles in 
periodicals by Henry Hess, the data sheets published by the Hess- 
Bright Mfg. Co. and the exhaustive treatise, Bearings and Their 
Lubrication, by L. P. Alford. 

Successful performance of ball bearings depends upon the follow- 
ing factors: (a) A high degree of accuracy as regards spherity and 
uniformity of diameter of the balls. ‘The tolerance in first-class bear- 
ings between the diameters of the balls in any one bearing is .ooor 
in. (b) A high (very high) degree of surface finish. (c) High 
elastic limit of the materials. (d) Hardness, and especially uniform 
hardness, throughout each and all balls—case-hardened balls or 
races are inadmissible. (¢) True rolling contact. 

Successful operation of ball bearings requires attention to the 
following points: 

Bearings must be lubricated. The oft-repeated statement that 
ball bearings can be run without lubricant is pernicious, 

Bearings must be kept free of grit, moisture and acid. This pro- 
hibits the use of lubricants that contain or develop free acids. 


The inner race must be firmly secured to the shaft. It is best to 
do this by a light drive fit, reinforced by binding between a sub- 
stantial shoulder and a nut. 

The outer race must be a slip fit in its seat. 

When thrust is taken in both directions it should be by the same 
bearing. This avoids all strains due to flexure of the shaft or of 
the housing or due to temperature variation and, while doing away 
with the considerable shop costs inseparable from correct lengthwise 
dimensioning, avoids the danger of excessive end loads from forcible 
assembly consequent on an inaccurate lengthwise location of parts. 

More than one bearing should never be dismembered at a time, 
in order to avoid the danger of mixing balls from different bearings; 
such balls from different bearings are apt to vary more than is per- 
missible for the individual bearing. 

Lubricants may range from the lightest of spindle oils at high speeds 
to fairly heavy greases at low speeds. The less frequent the atten- 
tion given, the heavier should be the lubricant. An excess of lubri- 
cant, enough to force out at the closures, should be employed when- 
ever the entrance of grit or moisture is to be feared. Lubricants 
containing or developing acid or containing free alkali must be 
avoided, as must those that become rancid. 

A ball bearing, like a plain bearing, must have a running clearance; 
but in the well-made ball bearing this clearance is much smaller than 
in a plain bearing; in all new bearings this freedom (radial freedom) 
is less than .oor in. The radial freedom is accompanied by an 
endwise (axial) freedom of one race with reference to the other; this 
will vary with the ball diameter and ranges trom .o006 in. to .006 
in. for new bearings. 

A properly made and not overloaded ball bearing will not show 
wear in the ordinary sense of plain bearings, i.e., a reduction of the 
diameter and increase in bore. That and reduction in ball diameter 
can occur only when abrasive grit is admitted to the bearing. Grit 
will quickly grind down a bearing at a rate depending only upon the 
sharpness of the grit and the amount of time the bearing is exposed 
to it. 

An overloaded bearing will not be worn, but the surfaces of the 
balls and races will be destroyed; that will show first by minute pin 
holes and later by flaking. A large ball will take more than its share 
of the load and may therefore bring about all the appearances of an 
overloaded bearing; to avoid this, no ball must vary by more than 
-ooor in. from its fellows in the same bearing. It is on this account 
that bearings must never be dismembered, as otherwise balls are 
likely to be mixed; neither must repairs be made by adding balls to 
aset. Such repairs should be undertaken only by the maker, who has 
full sets of even-size balls available. The balls of commerce are 
never sold within the necessary limits. 

Rust is absolutely destructive to a ball bearing. It is very readily 
recognized; even in a bearing which has been cleaned so that no red 
rust is to be seen, the presence of more or less pronounced pits and ex- 
coriations, not only on the race surfaces, but also on the other parts 
of the bearings, is clear evidence. These pits are very distinct in 
appearance from those due to overload; aside from that, overload 
pits are necessarily confined to the balls and the ball tracks. 

Although the presence of acid or alkali in many lubricants is well 
known, its destructive effect is not generally conceded, but attrib- 
uted to rust and overload. Nevertheless, it is a very serious menace 
with some lubricants; its ravages are clearly enough distinguished 
from overload, because they are found elsewhere than on the balls 
and ball tracks; the marks are also quite distinct from rust marks; 
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the acid marks often are pits, but always show also clearly-defined 
irregular etchings, similar to, though less pronounced than, those 
produced by acid etching of damascened gun-barrels. 

A very considerable rocking freedom of the one race with refer- 
ence to the other as the result of grit cutting will do no harm. An 
amount of rocking that at first seems alarming in the individual 
bearing may be due to a radial clearance of but few thousandths of 
an inch. It is the radial clearance which determines the further 
usefulness of the bearing; as two bearings are always used at some 
distance apart in the support of a shaft or wheel, the rock is governed 
by the radial freedom of the bearings and the distance between them, 
not by the angular freedom of the bearings individually. To deter- 
mine its true radial freedom, the bearing must be so held that the 
races are moved only crosswise without any lengthwise or tilting 
motion. 

Bearings in which the balls or ball tracks are pitted or roughed up 
from rust, acid or overload are usually beyond repair. 

Bearings that are ground down by grit so as to be loose, can be 
put in good order by refilling with a new set of larger balls. The 
same amount of care must be exercised to have all these balls within 
.000T in. as with a new bearing; it will not do to put in a few new balls 
only, nor will it do to accept a dealer’s belief that the balls in his 


between the balls, have become the accepted design by the Hess- 
Bright Mfg. Co. Some other manufacturers prefer the cut race 
filled with balls and without separators. 

Running tests and accumulated experience have proven that this 
type of bearing with separators will also carry a thrust load far be- 
yond what would be expected or what calculations based on the 
wedging action would indicate. The safe thrust-carrying capacity 
of such bearings is 7’5 of the radial-load capacity, though under 
special conditions more may be imposed, depending on the relation 
of ball diameter, race curvature and number of balls. 

Typical correct mountings of bearings for radial loads—combined 
in some cases with moderate thrust—are shown in Figs. 3-6. 

Fig. 3 shows a mounting for radial load without thrust. 

The inner race A should be a light drive fit on the shaft, and should 
further be securely clamped between a shoulder on the shaft and a 
nut, or their equivalents. ; 

The shoulder C should not be too small; about half the thickness 
of the inner race for small bearings, and about 3 the thickness of 
the inner race for large bearings, is good design. 

The nut, when well set up, should be firmly secured against jar- 
ting loose. An effective device consists of a split spring-wire ring 
with one end bent inward to pass through a hole drilled through the 
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Fics. 1 to 6.—Radial bearings for radial and thrust loads. 


bin are within the necessary limit. Unless this grinding action has 
lasted too long, it will be practicable to restore the bearing to some- 
where near its original condition; even though such refilled bearing 
should be somewhat looser than a new one, that does not justify the 
expense of a replacement. 


Radial Bearing Mountings 


Fig. 1 shows the principle of the modern form of radial bearing. 
The curvature of the race cross-section is an important factor in the 
carrying capacity of the bearing. ‘The local groove, Fig. 2, to permit 
assembling the balls, if used, must be confined to the stationary race 
and be placed at the unloaded side of the bearing. This requires 
two designs, one with the cut in the outer race, if the shaft revolves, 
and one with it in the inner race, if the housing revolves, or else the 
load must be limited to that permissible with straight races. More- 
over, at high speeds, the rotation of the balls at the filling opening 
injures the balls and races. For these reasons uncut races with 
such a number of balls as may be then assembled, and separators 


nut into the shaft, the body of the ring lying in a circumferential 
groove turned in the nut. 

The outer race B should be a slip fit in the box; it should not be 
bound endwise. 

Failure to securely clamp the inner race on the shaft may produce 
trouble. It has been found that the hard race occasionally cuts 
into the relatively soft shaft, particularly when loads are heavy and 
of a pounding or vibratory character. A reliance on a drive fit 
alone is not safe. Such fit may be poorly made, it may be destroyed 
by occasional dismantling, or it may be destroyed by the load peen- 
ing down the shaft surface. 

Failure to mount the outer race with a slip fit may prevent it 
from taking up an unrestrained position with reference to the inner 
race and the balls and so produce an end thrust uncontemplated in 
the initial selection of the bearing that might soon prove destructive. 

Fig. 4 shows a mounting for combined radial and thrust loads. 
This arrangement diflers from that of Fig. 3 only in having the outer 
race B of the bearing secured endwise in the case with slight clear- 
ance each side. Any thrust parallel to the axis cf the shaft or any 


32 HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


tendency of the shaft endwise will be taken 
up by the bearing acting as a thrust bearing. 

Fig. 5 is a combination of the elements 
shown in Figs. 3 and 4; the remarks already 
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Whenever there are two or more bear- 
ings on a shaft the parts must be so ar- 
ranged that whatever end thrusts there 
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tions will set up such end thrusts. 

Aside from the avoidance of these possi- 
ble sources of trouble, the construction 
recommended has the advantage of less 
shop cost, because avoiding otherwise 
necessarily very accurate work. 

The illustration also shows the use of a 
distance sleeve to permit of the endwise 
binding of the inner races of both bearings 
by one nut only. 

Fig. 6 shows a construction for taking 
radial and thrust loads on separate radial 
bearings. A radial bearing is mounted as 
near the load as may be and in the usual 
way to take only radial load. Beyond ita 
similar radial bearing is similarly mounted, 
but with its outer race clamped endwise to 
take thrust. To prevent the radial load 
being imposed on this bearing the seat is 
counterbored to free the bearing diameter. 
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Fic. 8. 


7 to 13.—Various applications of ball bearings. 


ZEN Wey The use of the radial type to take thrust 
r@ \ K@1 is preferable for speeds above 1500 r.p.m. 
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as its carrying capacity is but little affected 
by speed. If the thrust direction alter- 
nates there will be a slight endwise play of 
the shaft, since the inner race has an axial 
or endwise freedom of .coo6 in. for the 
small bearings to .oc6 in. for the larger ones; 
this will be increased by too heavy loading. 

Fig. 7 shows a mounting for loose pul- 
leys, conveyor rolls and the like, on hori- 
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Y \ _ pulley on a vertical shaft. The shaft is 
a J ‘ / & stationary and the pulley rotates. Two 
objects are gained by the peculiar form of 
mounting shown. One is retention of oil, 


which would tend to throw out, owing to 
centrifugal force, if the outer races rotated 
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in the usual manner. The other object is distribution of wear 
around both races. With a stationary sha(ft it is evident that clamp- 
ing the inner race causes all the wear to take place at a single point 
of that race. Where the outer race is fixed and the shaft rotates, 
concentration of wear is prevented by the standard mounting, 
which allows the outer race to creep slowly around. In the 
mounting illustrated herewith the outer race is attached to the 
shaft and the inner race rotates with the pulley. Thus the wear on 
the inner race is distributed by rotation, and the outer race distrib- 
utes its own wear by creeping. The objection to allowing the inner 
race to creep when mounted directly on the shaft is that the contact 
surface between the inner race and the shaft is not large enough to 
sustain the load without peening or wear of the shaft, or both. 

It is evident that oil will be retained without splashing around both 
upper and lower races, even if the shaft be reversed end for end. A 
certain amount of tilting of the shaft is also permissible. 

Fig. 9 shows a typical mounting for a high-speed spindle and 
pulley. In machine-tool work, especially in grinding, it is highly 
important that the spindle be subjected to no unnecessary forces 
producing sidewise wear of the bearing. The pulley, therefore, should 
be supported by bearings independent of those in which the spindle 
tuns. The spindle itself is mounted in ball bearings in the usual way. 
The back end of the spindle extends without contact through a sta- 
tionary tubular support on which is mounted a second pair of ball 
bearings, whose sole function is to support the pulley. Driving con- 
nection between the pulley and the spindle is provided by a pair of 
splines or feathers riveted into the hub of the pulley and fitting loosely 
in keyways in the spindle. These splines permit the pulley bearings 
to be out of line with the spindle bearings or to wear faster than the 
latter without impairing the true running of the spindle. 

The rear ball bearing of the spindle (z.e., the one in the center) has 
a special outer race without a groove. This construction is provided 
against the possibility of the spindle expanding from the heat devel- 
oped at the wheel when grinding. With the form of race shown, the 
inner race can move indefinitely lengthwise without the outer race 
being forced to follow it, which it might fail to do if it also expanded 
slightly. 

Figs. 10, 1r and 12 show mountings on shafts without shoulders, 
with provision for securely clamping the inner race of the ball bearing, 
while distributing the peening effect of the load on a sufficient length 
of shaft. _ Fig. ro shows a radial bearing mounted in the usual manner 
on a sleeve, the inner race clamped by means of a nut against a sub- 
stantial shoulder on a sleeve. The sleeve is locked to the shaft by 
means of two set screws with fitted ends sunk into the shaft. A 
spring ring is then snapped into a circumferential groove in the sleeve 
and into the slots in the set screws, securely locking them against 
jarring loose. 

Fig. 11 includes a collar thrust bearing. Lighter thrust in the 
reverse direction is taken by the radial bearing. The set screws must 
be large enough to let their pilot ends take the end thrust without 
danger of shearing. The set-screw heads must, of course, be accessible 
from the end or through suitable holes. 

Fig. 12 shows an adapter bearing used chiefly on line shafts. The 
adapter consists of two steel sleeves or bushes; the outer bush is 
driven home to its shoulder with a light drive fit. This bush is bored 
out taper to suit the inner split bush. The inner bush should be 
driven home on the shaft when the bearing and outer sleeve are in 
place; that will firmly and truly bind the whole on the shaft. The 
taper is sufficient for adaptation to the ordinary variation in shaft 
sizes. After the inner bush is driven home good and hard on the 
shaft, the split collar is brought against the bearing and clamped on 
the projecting bush end, thus safeguarding against the tendency of 
vibration to back out the taper bush. 

For shafts requiring great steadiness of movement, as in precision 
grinding machines, ball bearings alone have been found inadequate 
and Fig. 13 shows the application of a floating bush to a thickness- 

3 


grinding machine at the Underwood Typewriter Works, (W. M. 
ByorKMAN, Amer. Mach., Feb. 9, 1911). 

The bushes are located close to the ball bearings, and have inside 
and outside clearances of about zoo in. They have also end 
clearances sufficient to permit appreciable movement. The bushes 
carry no load, but the clearances fill with oil which acts like a dashpot 
to suppress the minute vibrations which would otherwise arise in 
the ball bearings. Not being loaded, the bushes do not wear, and 
their only resistance is that due to the viscosity of the oil. To pre- 
vent endwise movement of the spindle, the two thrust ball bearings 
near the right-hand end of the spindle are provided with an adjustable 
take-up, which allows metal to metal contact to be made without 
crushing. 

In Figs. 3-6 the groove and lip end closures shown are very effect- 
ive in excluding dust and grit and in retaining oil. They should be 
bored out no more than ¢; in. larger than the diameter of the shaft. 
Figs. 14-17 show still more effective arrangements. 

Fig. 14 is a modification useful where much very destructive 
fine grit is afloat or liquid is encountered under slight pressure. 
The second outer groove is filled with a semi-solid grease that makes 
a definite, frictionless packing. Its wearing away is compensated 
from a hand- or spring-operated grease cup; the latter type is prefer- 
able, but demands a proper balance hetween grease consistency under 
various temperatures and the spring pressure. The hand-operated 
cup is more definite for all conditions, provided it is occasionally set 
up. 

Fig. 15 is used where liquid under considerable pressure must be 
kept out. For occasional submersion the outer groove is simply 
drained outward with a free drain hole. For continuous submersion 
this drain hole must be connected to a pipe whose end is clear and 
low enough below the liquid to drain. 

Many constructors prefer to pin their faith to some positive felt 
packing for keeping lubricant in and foreign matter out. Felt wash- 
ers, as usually arranged, soon lose their contact with the shaft as they 
grow hard and are then worn away. 
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Fics. 14 to 17.—Oil-retaining and dust-excluding devices. 


Fig. 16 shows an arrangement for sealing at the shaft. A spring- 
wire ring encircles the felt washer; its pressure will force the felt 
into sealing contact. If the washer is laid up from a strip with 
scarfed ends instead of stamped from a sheet the spring ring need not 
be so stiff. 

Fig. 17 shows a seal applied between a rotating hub and fixed box. 
The hub face and ring, being both beveled will permit of very con- 
siderable wear. 


34 
‘The felt should be thoroughly soaked in a good cylinder oil. Mutton 
tallow and similar acid producers must net be employed. 


Collar Thrust-bearing Mountings 


In collar thrust bearings, aligning washers are necessary to secure 


FIG. 20. 


Fic. 18, FIG. 19. 
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FIG. 27. 
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Wherever shaft deflections are liable to occur, the thrust bearing 
must have an underlying washer, or a special aligning washer must a 
be inserted under the ball-seated race. In either case the aligning 


washer must be free to shift laterally to accommodate itself to the shaft 
deflection. A ball-seated thrust bearing without the aligning washer 
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Fic. 28. 


Fics. 18 to 28.—Principles and arrangements of collar thrust bearings. 


uniform loading of the balls. These washers frequently take the 
incorrect form shown in Fig. 18. One plate is convexed to rest in a 
concaved aligning seat. This form is:wrong in that both plates fit 
the shaft and so cannot move relatively. Fig. 19 shows this corrected 
by freeing the lower plate from the shaft. This allows for certain 
errors, but not for all. Fig. 20 shows the full solution for every pos- 
sible error of machining or of deflection. An aligning washer is added 
to receive the lower plate; this washer also is free of the shaft and also 
free of the seat, so that it may move crosswise. In Fig. 2t a complete 
unit-handling ball bearing is shown, which consists of two plates, an 
interposed set of balls, the lower plate convexed to seat in a concaved 
universal aligning washer, and a cage to hold all together, 

These constructions are safeguards to provide for small unavoid- 
able errors. It is clear that large errors will be accompanied by large 
eccentric action of the aligning washers, which will be accompanied 
by friction. 

Typical correct mountings of collar thrust bearings are shown in 
Figs. 22-32. 

The collar type of bearing, at speeds below 1500 r.p.m., will take 
higher thrust loads than the radial type. 

The bore of the rotating plate A, Fig. 22, is ground to a definite size 
and is usually seated on the shaft. The bore of the fixed plate B is 
rather larger. 

Tn order to insure an even distribution of the load over the entire 
series of balls, the seating surface of the stationary plate is spherical. 
If the thrust load is apt to be relieved sufficiently to permit a separa- 
tion of the plates this must be prevented by a suitable arrangement, 
since otherwise the cage with the balls would drop slightly and the 
balls would be pinched as the pressure was again put on. 
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Fics. 29 to 32.—Foot step bearings. 


is good only for angular misalignment, not for deflections involving 
lateral shift of the shaft axis. 


By arranging two bearings to face in opposite directions, Fig. 23, 
thrust in opposite directions is taken up on ball bearings. Care must 
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be exercised that no undue amount of thrust is set up by the initial 
_ adjustment of the nut behind the bearing. Setting up must not be 
carried to the point of feeling the bearing resistance; ball-bearing 
friction is so low that it is perceptible to the touch only under loads 
that mean serious overload. 

When the thrust in one direction is light, a plain disk step may 
answer to replace the second-ball thrust, as shown in Fig. 24. 

Combinations of radial and collar bearings—the former taking radial 
and the latter thrust loads—are shown in Figs. 2 5-28. 

In certain combinations of sizes the rotating plate of the collar 
bearing might be large enough to come into contact with the stationary 
outer race of the radial bearing. The insertion of a washer will 
oe that (Fig. 25). The inner race at A should be a light press 

We 

Where the radial load causes heavy hammering and is large as com- 
pared with the thrust, it is well not to rely merely on the press fit of 
the radial-bearing inner race nor yet on the end-clamping due to the 
thrust load. By interposing, as in Fig. 26, a locked nut between the 
collar and the radial bearings, the latter will be securely clamped 
endwise. ‘This is the preferred construction: it should be used wher- 
ever possible. 

The action of the spherical seat in compensating for deflections of 
shaft and housing and inaccuracies of alignment will be best when the 
center of the spherical seat lies as nearly under the center of the 
radial bearing as is possible. 

The arrangements shown in Figs. 27 and 28 have been advanta- 
geously employed in motor boats to take the thrust of the propeller 
shaft as well as its weight. Similar combinations are in use in steam 
yachts of 300 h.p. and in worm-driven elevators. 

The arrangement of Fig. 27 is preferable. If the center of the ra- 
dial bearing be also the exact center of the ball seats of both thrust 
bearings, the aligning washers may be dispensed with. Generally, 
however, it is more convenient to use them and shorten the length of 
the block, incidentally providing for small errors and deflections. 

Figs. 29 and 30 show suitable arrangements for the lower end journals 
of vertical shafts. 

Figs. 31 and 32 show mountings for end thrust on upper or interme- 
diate journals, which differ from the mountings for lower end journals 
in the provision made for oiling. A cup is carried upward along 
the shaft to a height that will ensure the balls being about half 
immersed. 

Fig. 31 takes thrust on collar bearing only. The oil cup A may be 
tightly spun or threaded in, or otherwise arranged to prevent the 
escape of oil in any way other than by overflow at its top. 

Fig. 32 takes thrust and radial load on collar and radial bearings. 
The thrust arrangement is practically that of Fig. 31. In order to 
provide an oil level for the radial bearing this is not mounted directly 
on the shaft, but on a collar which has an annular space next to the 
shaft into which the oil cup A projects upward toa sufficient height. 

The two oil spaces may be separately filled, or the lower one by 
overflow from the upper. 

Figs. 29 and 31 take thrust only. Figs. 30 and 32 take radial and 
thrust loads on separate bearings. The sleeve or bush between the 
two bearings will prevent any contact between the rotating plate of 
the collar bearing and the stationary outer race of the radial bearing. 

The action of the spherical seat in compensating for deflections of 
shaft and housing and inaccuracies of alignment will be best when 
the center of the spherical seat lies as nearly in the center of the radial 
bearing as is possible. 


The Load Capacity of Ball Bearings 


The load-carrying capacity of radial ball bearings, according to the 
practice of the Hess-Bright Mfg. Co. (based on the researches made 
for it by Professor Stribech), may be determined from the formula: 


P =knd? 


in which P=load on bearing, 
n=number of balls required to fill the races, 
d=diameter of balls, 
k=a coefficient depending on the type of bearing, the 
material and the speed. 


For Hess-Bright bearings, in which the radius of curvature of the 
outer race groove=75d, and that of the inner race groove=#3d, 
separated balls being used and uniformly distributed load and 
uniform speed below 3000 r.p.m. being assumed, k=o (for load in 
Ibs. and d in units of § in.). For full type bearings with the filling 
opening in one race at the unloaded side, otherwise as above, k=5. 
For both ball tracks interrupted by filling openings, inelastic cage 
separators for the balls, or for full ball type; and speeds not over 
2000 r.p.m. with a uniform distributed load, k=2.5. For thrust 
load on a radial bearing of the first type in this tabulation k=0.9. 

In general, the larger the number of balls, the smaller the value of 
k. The radial load bearing is, within the limits stated, practically 
unaffected by the speed as to its carrying capacity. 

Collar thrust bearings are made of three general types. In the 
first both races are flat; in the second one race is flat the other grooved; 
in the third both races are grooved. The load-carrying equation 
given by Mr. Hess is: 


in which P=load on bearing, 
n =number of balls, 
d =diameter of balls, 
S=r.p.m., not exceeding 3000, 
k, =a coefficient depending on the material and the shape of 
the ball races, 


For the materials used by the Hess-Bright Mfg. Co. and for races 
having grooves with a cross-sectional radius equal approximately to 
.82d, k1=25 to 4o (for loads in lbs. and d in units of { in.). For 
unhardened steel, such as is occasionally used for very large races and 
where there is no hammering or sharp blows, ki=.5. When one or 
both races are flat k; should be reduced to one-fourth the above value. 

The Standard Roller Bearing Company give the following load- 
capacity formulas for ball thrust bearings having a groove in each 
washer, stating that the ratings obtained from their use are very 
conservative and give a condition of loading under which a bearing 
can be guaranteed if properly installed and lubricated. 

The formula for the light-type bearing with 17 balls is: 

nas 
P= 32,0008), 5 
in which P=load on bearing, lbs., 
d=ball diameter, ins., 
n=number of balls, 
a=pitch diameter of the ball grooves, ins., 
S=speed of the shaft, r.p.m. 

The formula for the medium and heavy bearings having 11 and 

9 balls respectively is: 
nd$ 
P= SS ais 

The notation is the same as given above. 

Ball thrust bearings are commonly of the two-point type to which 
according to the S. R. B. Co., the preceding formulas apply. 

Variations in speed cut down the carrying capacity; sharp varia- 
tions of small amplitude, particularly at high speed, have the more 
marked effect. Their reducing action is similar to the battering 
effect of sharp load variations. 

Load variations reduce carrying capacity, the effect increasing 
with the amount of the load change and the rapidity of such change. 

Accumulated experience with various classes of mechanisms is so 
far the only available guide for estimating the reductions in the con- 
stants k that must be made to take these influences into account. 
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TABLE 2.—DIMENSIONS OF RADIAL BALL BEARINGS—MEDIUM 


The frictional resistances of ball bearings have, by actual measure- 
SERIES 


ment, been found to vary from .oo1r to .o0og5. These are the coeffi- 


cients ot friction referred to the shaft diameter, thus permitting direct No. Corner at : 

comparison with those of sliding friction. The higher values are of Rore Wises Width Soeur Radial 
due to conditions that cause a preponderance of sliding as compared Pee Sader kate load, 
with rolling friction. It must be remembered that there is no such ind lia, ER ee fra ae Mei Ibs. 

thing as a bearing having only rolling friction; that might be possible 

were balls and races made originally with absolute truth of surfaces 300} I0 |0.39370| 35 |1-37795| 11 |0.43307| TI 2-08) 200 
and were such truth then maintained by the absence of deformation 301| 12 |9.47244| 37 |1.45669| 12 |0.47244) I |0.04, 240 
under load. Ball bearings having a coefficient of friction materially 302| 15 |o.59055| 42 |1.65355| 13 j0.51181| I j9.04) 280 
above .oors under the greatest allowable load are inadmissible 303| 17 |9.66929] 47 |1-85040| 14 |0.55118) 1 [0.04] 370 
because too short-lived. The high resistance indicates the presence 304| 20 |0.78740] 52 |2.04725| I5 |0.59055| I |9.04) 440 
of too large an element of sliding. 305| 25 |0.98425| 62 |2.44095) 17 |o.66929| 1 |9.04) 620 
A good ball bearing will have a coefficient of friction, independent 306] 30 |x.18r10| 72 |2.83465} 19 |o.74803/ 2 |9.08| 860 
of the speed within wide limits, and approximating .oor5. This 307, 35 |1-37795| 80 |3.14962| 21 |o.82677| 2 |9.08) 1100 
coefficient will rise to approximately .oo30 under a reduction of the 308] 40 |t.57481| go |3.54332| 23 |0.90551| 2 9.08) 1450 
load to about one-tenth of the maximum. 309] 45 |1.77166| 100 |3.93702| 25 |o.98425| 2 |9.08| 1750 
310] 50 |1.96851| 110 |4.33072| 27 |1.06299| 2 |0.08] 2100 
Dimensions of Ball Bearings 311] 55 |2.16536| 120 |4.72443| 29 |I.14173| 2 |0.08] 2400 
312| 60 |2.36221| 130 |5.11813] 31 |1.22047| 2 |0.08) 2800 
The dimensions of ball bearings are well standardized. Oddly 313} 65 |2.55906| 140 |5.51183| 33 |1.2992T| 3 |9.12/ 3300 
enough, ball diameters are universally expressed in inches and frac- 314] 7° |2.75591| 15° |5-99554) 35 |1-37795| 3 |9-12) 4900 
tions thereof, while the dimensions of the races are given in either 315] 75 |2-95277| 160 |6.29924| 37 |t.45669| 3 |0-12| 4400 
millimeters or English units. German builders use millimeters with 316| 80 |3.14962| 170 |6.69294) 39 |I.53544| 3 |0-12) 5000 
a single exception where a firm has developed a series in English 317| 85 |3.34647| 180 |7.08664) 41 |1.61418] 3 0.12) 5700 
units, adapting them for the British trade, though that firm also uses 318] 90 |3.54332| 190 |7.48035| 43 |1.69292| 3 |0.12| 6400 
chiefly ball bearings in millimeters. Even in England most ball 319} 95 |3-74017| 200 |7.87405) 45 |1.77166) 3 |0.12) 7000 
bearings are made to millimeters as is also the more general practice 320] Too |3.93702| 215 |8.46460) 47 |1.85040; 3 jo.12) 7700 
of American manufacturers who have followed the German example. SU OSes £3387) 225 |8.85830| 49 |1-92014) 3 |0.12) 8400 
322| I10 |4.33072| 240 |9.44886| 50 |1t.96851; 3 |0.12|10000 


This general adoption of the millimeter dimensions is due to the fact 
that early German makers rehabilitated the ball bearing by the devel- 
opment of the principles and construction data of the modern type 


TABLE 3.—DIMENSIONS OF RADIAL BALL BEARINGS—HEAVY 


and secured a wide vogue for their products that made the sizes SERIES 
standard. As a rule each manufacturer makes a wide and narrow No, Corner at é 
type of radial bearing, with three series for each; namely, light, of . Bore Diameter | Width | bore of Radial 
medium, and heavy. In some cases a fourth series has beenstandard- _year- ) inner race load, - 
ized, known as extra heavy. ing |Mm.| Ins. |Mm.{ Ins. (Mm Ins. | Mm.| Ins. sa 
TABLE 1.—DIMENSIONS OF RADIAL BALL BEARINGS—LIGHT SERIES 403} 17 |0.66929/ 62 | 2.44095] 17 |o.66920/ 1 |o.04] 850 
ae eer 404| 20 |0o.78740| 72 | 2.83465 0. 74803} 2 |0.08) rtoso 
of Bore Diameter Width bore of Radial 405] 25/9. 98435] | So | 9-x4908/ 5 ei ee 
ey Fas case load, 406) 30 |1.18rz0] 90 | 3.54332] 23 ]o.g0551| 2 |o.08| 1600 
: lbs. 407} 35 |1.37799| 100 | 3.93702] 25 Jo.98425| 2 0.08] 1900 
ing |Mm.| Ins. |Mm.| Ins. |Mm.| Ins. |Mm.|Ins. 408] 40 |1.57481| 110 | 4.33072] 27 |1.06299] 2 |0.08} 2200 
200] 10 |o.39370| 30 |1.181Ic]| 9 |o.35433| I |o.04| 120 409] 45 |1.77166| 120 | 4.72443] 29 |1.14173] 2 |o.08| 2500 
201] 12 |0.47244| 32 |I.25984] 10 |0.39370] I |o.04! I40 410} 50 |1.96851) 130 | 5.11813) 31 |1.22047| 2 |0.08} 3400 
202| I5 ]0.59055| 35 |1.37795| II jo.43307/ I |o.04] 160 411} 55 |2.16536] 140 | 5.51183] 33 [1.20921] 3 |0.12] 3900 
203} 17 |0.66920) 40 |1.57481| 12 |o.47244| 1 |o.04] 250 412} 60 |2.36221| 150 | 5.9¢554| 35 |1.37705| 3 |o.12] 4400 
204] 20 |0.78740) 47 |1.85040] 14 Jo.55118] = |o.04] 320 413} 65 |2.55906] 160 | 6.290924] 37 |1.45669] 3 |0.12| 4900 
205] 25 0.98425] 52 |2.04725| 15 ]o.59055| x |o.04! 350 414) 70 |2.75591| 180 | 7.08664] 42 |1.65355| 3 |o.12] 6200 
206] 30 |1.181I0] 62 |2.44095| 16 Jo.62992]| zt |o.04] 550 415) 75 |2.95277] 190 | 7.48035] 45 |1.77166] 3 Jo.12| 6600 
207| 35 |1:37795| 72 |2.83465| 17 |0.66929] zt |o.04| 600 416} 80 |3.14962] 200 | 7.87405] 48 |1.88077| 3 |o.12| 7300 
208] 40 |1.57481| 80 |3.14962| 18 |o.70866| 2 |0.08] 860 417} 85 |3.34647| 210 | 8.26775] 52 |2.04725] 3 |o.12 8580 
200] 45 |1.77166} 85 3.34647] 19 |0.74803] 2 |0.08] o50 418) 90 |3.54332] 225 | 8.85830] 54 |2.12500| 3 |0.12|10000 
210} 50 |1.96851| 90 |3.54332] 20 0.78740! 2 |0.08] 1000 419} 95 13-74017] 250 | 9.84256) 55 2.16536 3 |0.12/11880 
211) 55 |2.16536] too |3.93702| 21 |o.82677] 2 J|o0.08! 1160 4201 I00 |3.93702| 265 |r0.43311| 60 |2.36221/ 3 |o.12/14000 
212| 60 |2.36221| 110 |4.33072| 22 |o.86614] 2 |o.08| 1550 i 5 eh i 
213) 65 |2.55906] 120 |4.72443] 23 }o.90551| 2 |0.08] 1670 Thrust bearings are usually made in three series, light, medium, and 
214) 79.)2. 75591} 125 |4.92128] 24 |o.94488) 2 |o.08/ 1820 heavy. The heavier the bearing the larger the balls for a aiven 
ie is raul 130 |5.11813] 25 Jo.98425] 2 |0.08] 2130 strength, 
| #5 fsne ssn] [ever] 3 se ge aos inti tt Se fuse a 
218} 90 |3.54332| 160 16.29924| 30 |z.18110 3  |0.12] 3400 copes % : hes Res EE RetrgaecttS 
PMR cl scoslitGes | eee and 3, giving recommended standard dimensions for the light, 
geal an ; 8 ‘ aa daa Wiha ba (Re uae Shs medium, and heavy series, respectively, for radial ball bearings. 
3-93702) TOO |7.08004) 34 |1.33858) 3 |0.12/ 3950 These standards are referred to as Ball Bearings Standard: h 
221) 105 |4.13387| 190 |7.48035| 36 |r.41732| 3 |o.12| 4600 last column gives dial |] Teme: ee ee is a 
Bzalentolandeovalseex |pSByaagh.” a8 ltvanéor aa ener ene g a radial load rating in pounds for each bearing. In 


this connection the committee reported: 
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BALL AND ROLLER BEARINGS 


“Attention is called to the fact that the capacities given in the 
tables are based upon ball bearings manufactured of suitable work- 
manship and of suitable material and running at uniform speed and 
uniform radial load, the speed not exceeding 500 r.p.m, 

“It is further suggested in explanation of the load standards that 
it cannot be expected that all conditions will be covered by the loads 
given. For conditions of shock, end thrust, and a combination of the 
two, greater factors of safety will have to be used.” 

The dimensions and capacities of Hess¢Bright thrust-collar bear- 
ings, light and medium weight series, are given in Tables 4, 5 and 6. 

The center of R is on the center line; its location is not quite def- 
inite, but will be approximated by drawing the ball seat tangent toa 
corner fillet r at the base. 

The inch dimensions are the nearest equivalents to the even mm. 
in which the bearings are made. The loads cited are safe for steady 
speeds and constant loads. Consult the manufacturer regarding 
loads for speeds above 1500 r.p.m. 

The bearings shown in Fig. 40 are the same as those shown in Fig. 
39 but with balled seat washer and enclosure. For loads and speeds, 
also for dimensions of bearings themselves, consult the upper table. 

It is advisable to give thé aligning washer some freedom of side- 
wise movement as shown, to permit it to assume its best position in 
case of shaft oscillation. With such freedom allowed, the shaft may 
be a snug fit in the upper race. 

If side freedom cannot be given the aligning washer, the shaft 
must be a loose fit in the upper race. 


Roller Bearings 


The well-known roller bearings with hollow, cylindrical, helical, 
flexible rollers made by the Hyatt Roller Bearing Co. are used in 
machinery in general, on line shafting and in automobiles. The 
rollers are wound from flat strip steel into a closed helical coil. Thus 
they are flexible and can adapt themselves to slight irregularities in 

‘either journal or box without causing excessive pressure. ‘The cylin- 
drical hollows in the rollers serve as storage spaces for lubricant and 
the helical interstices distribute the oil the entire length of the box. 
One half of the rollers in a box have a right-hand helix, the other half 
left hand. 

In the form of bushings, two types are made, known as the stand- 
ard type and the high-duty type. In the standard type the rollers 
are of carbon steel with an outer shell or lining of special analysis sheet 
steel. The rollers run in contact with the shaft or journal. Where 
the bearing surface is generous it is satisfactory to operate the rollers 
direct on soft-steel surfaces. 

In the second type the rollers are of special analysis chrome 
nickel heat treated steel. The lining is tubular and a tubular sleeve 
is provided to slip over the shaft or journal. Both of these parts are 
also heat treated. Several devices are used to cage the rollers, which 
are squared on the ends to thrust against the ends of the box. As 
the allowable unit-bearing pressures of the high-duty rollers are higher 
than for the standard rollers the high-duty bearings have the practical 
advantage of being shorter for the same load than the standard 


bearings. 
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TaBLE 6.—Dimensions OF HEss-BriGHT MEDIUM-WEIGHT SERIES Two-prRECTION CoLLaR Turust Brarincs WitH BALI-SEPARATING CacEs (Fig. 38) 
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The shafting bearing is of the standard type with a horizontally 
split box so that it can be put on a shaft anywhere and does not have 
to be slipped on over the end. 


TABLE 7.—DIMENSIONS AND CAPACITIES oF Hyatt ROLLER BE 
incs, Hich Duty TyPE 


Without Inner Race 


The allowable pressures for the standard or commercial type are ee ae Saaeieca noe 
2 4 2 di i er utside ort series Series 
fixed by the quality of the shaft or journal against which the rollers of reer eS ape pees Peaken 
: See aee n 
bear. For low speeds up to 50 r.p.m. the maximum limit lies be- ae: over ath epg Safe load, | oe atl. | Safe load, 
tween 400 to soo Ibs. per sq. in. of projected journal area. The ins. ins. ins. ce eS te: 
method of housing, particularly in its relation to the distribution of I.000 2.249 1.000 460 2.000 1200 
load, and quality of lubrication have an influence in determining T.125 2.374 1.000 500 2.000 1340 
these limits. 1.250 2.749 1.125 700 2.250 1700 
° é I 2.8 Be 
With an increase of speed the allowable pressure decreases. For - si 3 ee é ae ae mse pr 
line-shaft bearings up to 3}¢ ins. dia. running up to 600 r.p.m., 30 i : 
Ibs. per sq. in. is considered good practice. For larger shafts the 1.625 3-499 Bo ) 1040) eee ee . 2530 
same factor is allowable up to speeds of goo r.p.m. I ph 3.624 1.250 ) 1125 | 2.500 | 2730 
; ; < : re : : | 
The high-duty bearings carry much greater unit loads. A rating 2 Bie ae dl ra ) rae pers : oa 
of 75° Ibs. per sq. in. at Icoo r.p.m. is conservative. 2.125 4.249 C75 || 255° 2.750 } 3700 
A limiting maximum speed for the standard or commercial bear- 
ings is about 1500 r.p.m.; for the high-duty bearings, 3000 r.p.m. Bie 4.374 1.375 | 1650 2.750 3025 
4 : z z A 2.500 | ye ; 
Table 7 gives dimensions of the high duty type of Hyatt bearings Z ik | 2 — 1 as te } =. ay * 
: z re = | . . | 270 .000 
with load carrying capacities at rooor.p.m. At 1500 r.p.m. the loads 3.000 5.374 | 1.750 pias 500 pees: 
should be reduced by one-half and at 500 r.p.m. or less they may be 3-250 5.624 | 1.750 | 3400 3.500 | 7600 
increased in like proportion. The data are the results of extended With Inner Race 
tests and are very conservative. When the inner race is omitted Insid Outsid Shi wee ae 
. nside utsi ort series i 
these loads require the use of a heat treated or hardened shaft. iorer Pres Sree: ia ae = 
. . = 
When the inner race is used the shaft may be of soft steel. When of inner over all, | pea | Safe load, | jen a 
the rollers bear directly on the shaft, cold rolled material affords a _"#ceWyY, ins. ins. ins. Baur P=: ao 
better operating surface than the same material machined, and +750 2.249 | 1.000 | 460 | 2.000 | 1200 
should be used whenever possible. A high carbon 1 O75 PeST £2009 oe) == 
Pp g steel such as > 1aae 
-40 to .50 is preferable to low carbon and can be obtained commerci- ie aoe fed a Es ee 
. . . 4 2 
ally at very little excess in price over the latter. A high carbon or 1.250 2 pes ) ae fobs Sirics pee 
: : « -25 | 2.500 
alloy steel properly heat treated is preferable to either of the above. | : = 
A shaft properly carburized, hardened and ground, gives the best 2375 as = 250 1125 | 2.500 2730 
possible bearing surface. ota Siege faa See ae = 
4 1.62 | : 75 : 
Overhung loads should be avoided as the deflection of the shafts I cee ) ies | gt Se eee maint 
3 ° a * 5 155 : 
leads to concentration of the loads on one end of the bearings. When 1.875 4-374 I "375 ose mi = pel 
unavoidable, a second bearing should be placed a reasonable dis- —< 
tance from the first. ee “she er — oe aes 
Roller bearings should always be lubricated but never with solid ay 500 pee aie eee apes . pres 
lubricant which i i pire po seed 3-7 1 ae 
clogs the rollers and prevents their free rotation. 2.750 5.624 1.750 3400 3.500 | 7600 
TABLE 8.—DIMENSIONS AND Capacities OF NorMA ROLLER BEARINGS 
Light Service Series 
A | B | G 
oe diam. | Outside diam. Width F Load, Ibs. at r.p.m. 
m. Ins. Mm. Ins Mm Ins M 
im 5 see 2 m. Ins. Bae) 5 ; : pee 
30 I.1811 62 2.4409 | 16 0.63 I a | = Sit 500 | _~=7,000 | 1,500 | 2,000 
35 1.3780 72 2.8346 a ae : ee | = 1,320 1,170 ) 1,030 | 790 660 610 
: Pe ~ Se * mie : tind pe 90 1,910 | 1,700 | 1,500 | 1,170 990 930 
45 | 1.7717 85 3.3465 19 0.75 2 0.08 2.375 | 2,200 | 1,940 | 1,720 | 1,320 | 1,120 | 1,050 
50 | 1.9685 90 3.5433 20 0.79 2 0.08 atte faee ee | 830 | 14r0 | %190 | 1,120 
| 2,680 2,460 2,180 1,940 1,500 1,280 1,190 
55 2.1654 100 3.9370 21 0.8 ! | | 
; 83 2 0.08 85 
60 2.3622 IIo | 4.3307 aA ae F et es re | 3,080 | 2,800 | 2,150 | 1,830 1,710 
65 2.55901 120 | 4.7244 23 0.90 2 0.08 : sls Hani 3.300 | 2,530 | 2,130 1,980 
70 | 2.7559 125 | 4.921 2 : pied Mbeee lesgbadl peoei 
4.9213 4 0.94 2 0.08 5,500 é5 "| : 9S 2,480 2,310 
75 2.9528 130 5.1181 25 0.098 5 mea pees |} 5,000 4,400 3,060 | 3,080 2,640 2,420 
. 5, | 5,390 | 4,730 | 4,250 ; 
| . | 3,300 2,750 2,530 
80 3.1406 140 5.5118 26 I.02 3 0.12 6 | | : 
‘ ‘ »710 6, 7 
85 | 3.3465 150 5.9055 28 1.10 3 0.12 eet no | S440 | 4.840] 3.740 | 3790 | ee 
90 Pees oe Bases os ae si se 103 7.260 | 6,600 | 5,720 | 4,510 | 3,740 
95 3.7402 170 6.6929 oe ah . = as 9,680 8,800 7,810 7,040 5,390 4,510 
100 3 -9370 180 7.0866 ‘ gee ciiot eae sagen 6 
7 34 1.34 3 0.12 12,980 | 311.88 40 | 6,380 5,280 
’ 1550 / 10,340 9,240 | 7,260 5,040 
I25 4.9213 225 8.8583 40 LS 3 | | 
130 5.1181 230 9.0551 40 rey s 0.12 15,000 | 12,700 11,550 10,400 | 7,400 
BaN 5.5118 250 9.8425 42 1.65 3 he 15,800 | 13,350 | 12,150 | 10,900 | 7,780 
age ened see pane io ae : 0.12 20,400 | 17,200 | 15,650 | 14,100 9,950 
175 6.8808 exe eee 0.12 24,700 | 20,000 | 19,000 | 17,1 
4015 50 I.07 3 0.12 S eee 7,100 12,100 
32,340 ) 27,390 | 24,860 | 22,385 | 15,950 
180 7.0866 320 12.5084 50 1.97 3 | | 
190 | 7.4803 340 13.3858 54 2.13 3 0.12 | 33,700 | 28,550 | 26,000 | 23,300 | 16,600 
200 | 7.8740 360 14.1732 54 2.13 3 “ - 36400 | 30,600 | 8,000 | 35,200 } 27,800 
215 8.4646 385 reier4 af Aes : 41,500 | 35,000 | 32,000 | 28,700 | 20 
Fis 6 a0ae’ _385__|_ts.t574 | _s6 | 2.20 | 3 | 0.12 _| 44,600 | 37,900 es 
; 31,000 | 22,000 | 


BALL AND ROLLER BEARINGS 


TABLE 8.—DIMENSIONS AND Capacities or Norma RoLtiER BEARINGS (Continued) 


4] 


Medium Service Series 
a | By DUT et a 
Inside diam. Outside diam. Width if Load, Ibs. at r.p.m. 
Mm. Ins. 
: | : Mm. j Ins. Mm. | Ins. Mm. | Ins. nae) | 100 300 500 I,000 1,500 | 2,000 
2 0.9842 ; 
& ‘ ase ae 2.4410 17 0.67 I 0,04 1,650 1,520 £320 I,190 925 770 725 
~ . 72 2.8346 19 0.75 2 0.08 2,150 1,980 1,760 1,540 1,210 1,000 950 
: 1.3779 80 3.1496 2z. 0.83 2 0.08 2,750 2,580 2,270 1,980 1,540 1,320 1,100 
S he 90 3.5433 23 0.91 2 0.08 3,520 3,190 2,860 2,530 1,980 1,650 1,430 
-77 100 3.9370 25 0.98 2 0.08 4,400 4,020 3,520 3,190 2,420 1,980 1,760 
50 1.968 IIo . 
Be é, ae ie 4.3307 27 1.06 2 0.08 5,280 4,840 4,180 3,740 2,860 2,420 2,200 
as . ; ; o 4.7244 29 1.14 2 0.08 6,600 6,160 5,390 4,840 3,740 3,080 2,860 
ee . -3022 130 5.1181 31 1.22 2 0.08 7,700 7,150 6,270 5,610 4,400 3,630 3,300 
-5590 140 5.5118 33 1.30 3 0.12 8,360 7,700 6,820 5,940 4,620 3,850 3,520 
Ui 2.7559 I50 5.9055 35 1.38 3 0.12 10,120 9,240 8,340 7,260 5,010 4,620 4,180 
zs geet 160 6.20992 37 1.46 3 0.12 11,880 } I1,000 0,680 8,580 6,600 5,500 4,840 
3.140! 170 6.6929 39 1.54 3 (0). 02 12,980 11,880 10,560 9,460 7,260 5,800 
85 3.3464 180 7.0866 4I 1.61 ‘3 0.12 14,080 12,980 11,440 10,120 7,700 6,160 
90 3.5433 I90 7.4803 43 I.60 3 0.12 16,280 14,960 13,200 I1I,660 9,020 
95 3-7401 200 7.8740 45 vee fyi 3 0.12 17,380 16,060 14,080 12,540 9,680 
100 3.9370 215 8.4645 47 1.85 3 0.12 21,120 19,360 16,940 14,960 11,440 
130 5.1181 270 10.6209 55 2.17 3 0.12 29,800 25,300 22,900 20,600 14,600 
140 §.5118 290 II.4173 57 2 22! <4 0.12 33,100 28,000 25,500 23,000 16,300 
150 5.9055 310 I2.2047 60 2.36 3 0.12 37,800 | 32,000 29,000 26,200 18,600 
155 6.1024 325 12.7953 60 2.36 3 0.12 40,500 34,200 31,000 28,000 19,9050 
165 6.4960 330 I2.9921 60 2.36 3 0.12 42,900 36,300 33,000 29,700 21,120 
170 6.6929 350 13.7795 62 2.44 3 On f2 47,300 40,040 36,300 32,670 23,320 
180 7.0866 370 14.5669 62 2.44 3 0.12 50,200 | 42,400 | 38,600 | 34,700 | 24,650 
190 7.4803 390 15.3543 66 2.60 3 0.12 54,600 | 46,200 | 41,900 | 37,800 | 26,900 
200 7.8740 410 16.1417 70 2.76 3 Omer 57,500 | 48,700 | 44,300 | 39,900 | 28,300 
215 8.4646 450 17.7165 75 2.95 3 | 0.12 62,300 54,600 49,600 44,600 31,700 
Heavy Service Series 
; A B ‘SG 
Inside diam. Outside diam. Width % Sie ks ee 
Mm. | __ Ins. Mm. Ins. Mm. | __ Ins. Mm. Ins to || too 300 500 | 1,000 | 1,500 | 2,000 
25 0.9842 80 3.1496 2I 0.83 2 0.08 3,410 3,080 2,750 2,420 1,910 1,630 1,540 
30 I.181Ir 90 3.5433 23 0.9L 2 0.08 3,850 3,520 3,080 2,750 2,200 1,830 1,710 
35 1.3779 100 3.9370 25 0.98 2 0.08 4,400 3,960 3,520 3,080 2,420 2,050 1,920 
40 1.5748 IIo 4.3307 27 1.06 2 0.08 5,940 5,500 4,840 4,400 3,300 2,860 2,640 
45 1.7716 120 4.7244 29 I.1I4 2 0.08 7,260 6,600 5,940 5,280 3,960 3,300 3,080 
50 1.9685 130 5.1181 31 I.22 2 0.08 8,580 7,920 7,040 6,160 4,840 3,960 3,740 
55 2.1653 140 5.5118 33 I.30 3 0.12 9,460 8,800 7,700 6,600 5,280 4,400 4,180 
60 2.3622. 150 5.9055 35 1.38 3 0.12 II,220 10,340 9,020 7,920 6,160 5,280 4,840 
65 2.5590 160 6.29902 37 1.45 3 0.12 12,100 I1,000 9,680 8,580 6,600 5,720 5,280 
70 2.7559 180 7.0866 42 1.65 3 O02 16,060 14,740 13,200 11,660 9,020 7,480 7,000 
15 9527 . 4803 18,040 16,720 14,520 12,9080 10,010 
80 .1496 .874 18,260 16,940 14,740 13,200 10,120 
85 3464 4645 19,140 | 17,600 | 15,400 | 13,860 | 10,780 
90 -5433 8582 23,320 | 21,340 | 18,700 | 16,720 | 12,980 
95 7401 6456 27,280 25,300 22,440 20,020 15,840 
roo 9370 4330 37,400 | 34,540 | 29,700 | 26,840 | 21,120 
130 _II8r . 5669 56,400 47,800 43,500 39,100 28,200 
140 5118 .3543 61,800 52,400 47,600 | 42,900 30,400 
155 .1024 .I417 67,000 56,800 51,600 46,500 33,000 
180 .0866 - 3228 77,100 | 65,600 | 59,500 | 53,500 | 38,100 


190 -4803 .3228 
200 .8740 .3071 
.4646 .3071 


_ The Norma roller bearing, Fig. 39, is intended for conditions in- 
volving a degree of shock, jar and vibration too severe for ball bear- 
ings. They are for radial loads only. The inner race is ground to 
a true cylindrical surface and the outer one to a slightly convex sur- 
face, the roller having point contact with the outer and line contact 
with the inner race—a construction that permits and compensates 
for slight angular displacements of the ball. Table 8 gives dimen- 
sions and loads of these bearings, the reference letters being those of 
Fig. 39. The inner and outer diameters and the widths will be seen 
to conform to those of Tables 1, 2 and 3 while the loads are much 


heavier. 


77,100 
82,700 
88,200 


65,600 
70,000 
74,500 


59,500 
63,500 
67,500 


53,500 
57,300 
60,800 


38,100 
40,6050 
43,300 


The ratings are for steady loads and 
50 per cent. temporary overload capacity may be 


speeds, although 


added. 


Fic. 39.—The Norma roller bearing. 
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The formula for the capacity of solid roller journal bearings used Treads, consisting of two heat-treated, tempered and accurately 
by the Standard Roller Bearing Co. is as follows: ground steel washers or plates. . 
dnl Roll cage, usually of bronze,complete with rolls of steel,heat-treated, 
ee “35 tempered and accurately ground; retaining band, ball thrust, etc. 


Leveling device, consisting of two washers or plates, one face of 
each being convexed and concaved respectively, thus providing a ball- 
and-socket base for the bearing and insuring an equal distribution of 
the load, even though all parts adjacent be not in exact alignment. 

The general dimensions of the cage are 2 ft. 7 ins. inside diameter 
by 6 ft. 53 ins. outside diameter. Details of construction are given in 
Fig. 42. The bearings shown are inclosed in the casing of the ma- 
chine, all voids around bearings being packed with grease, and large 
compression grease cups provided to supply lubricant as consumed. 

The after, or right-hand tread washer, was required to be extra 
thick, to avoid deflection, as it is supported at its outer edge only. 
The forward, or left-hand tread washer, is amply supported ever its 
entire face. The plates are made of high-grade, special alloy steel, 
forged into form as washers. They are bored, turned and faced to 
approximate dimensions, allowances being made for grinding. The 
washers are then subjected to heat treatment, are hardened, drawn, 
and then carefully ground to very close limits, the two faces being 
as nearly parallel as human ingenuity and highest-grade grinding 
machinery can produce, each face being in itself perfectly level and 
parallel. 

The thrust cages are of phosphor bronze, carefully machined, 
special care being exercised in the location of the slots which carry the 
rollers. The rollers are manufactured from a high-grade, special 
alloy steel, carefully heat treated, and all rollers are ground true 
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Fic. 41. cylinders, the error in parallelity for a given roll and diameter of all 

Fics. 40 and 41.—Conical roller bearings. rolls in the bearing being held within .oco2 in., plus or minus, of the 

. nominal diameter. Heavy steel retaining bands are provided which 

in which P=load on bearing, lbs., encircle the bronze cage and retain the rollers in their respective slots, 

d=diameter of rollers, ins., a steel ball being provided at the end of each roll slot to care for the 

n=number of rollers, end thrust of the rolls in the slot, due to centrifugal force and the 

/=length of each roller, ins., force generated by reason of the rolls being guided by the cage in a 
s=circumferential speed of each roller, ft. per min. circular path, instead of their natural tangential path. 


Conical roller journal bearings have had 
their most extensive use in automobile prac- 
tice. Figs. 40 and 41 are from designs of - 
the Standard Roller Bearing Company. | 4— pee 
Fig. 40 shows two constructions for auto- 
mobile hubs having two single rows of rollers, 
and Fig. 41 shows in section a double taper 
toller bearing. 

The load-carrying capacity is given by 
the following formula, from the practice of 
the Standard Roller Bearing Co.: 

d*nl 


P = 130,000 ey 


Oil Holes 1y" Drill for Cotter Pin 
| when Ass’mbI'd 


6515" - 


n which P =load on bearing, lbs., 
d=mid-diameter of the rollers, ins., 
n=number of rollers, 
7=contact length of a roller with 

its bearing washer, ins., 
s=mean circumferential speed of 
each roller, ft. per min. 


Roller bearings have been used with con- 
spicuous success as thrust bearings under 
enormous loads, a bearing of this type for 
a speed of 100 r.p.m. and aload of 2,000,000 }  __ 
Ibs. (subsequently increased to 2,250,000 
Ibs.) by the Standard Roller Bearing Co:, 
being shown in Fig. 42 (Amer. Mach., July 14, 1910). 

The rollers are cylindrical and in short sections—a feature which 
teduces the differential sliding to an amount where it does no harm. 
The bearings consist of three elements: 


Fic. 42.—Roller thrust bearing carrying a load of 2, 


225,000 lbs. at roo r.p.m, 


Large numbers of such bearings are in use, other notable examples 
by the same constructors being at the Niagara Falls power house 
where they sustain a normal load ot 1 56,00¢ Ibs. (extreme load r90 nth 
lbs.) at a speed of 250 r.p.m. 


SHAFTS AND KEYS 


For shaft couplings, including the Hooke universal coupling, see 
Index. 


The strength of shafts subject to simple torsion may be determined 
from the formula: 
; M =.1963 d3S 
in which M =twisting moment, lb.-ins., 
d=diameter of shaft, ins., 
S = fiber stress at outer fiber, lbs. per sq. in. 
Suitably transformed this becomes: 


S r.p.m. 
Experience shows that for simple torsion and for short counter- 


, 5 21000 , ie é ae 
shafts a suitable value of 2 $ is 75, giving for this condition: 


a EE Xh.p., 
r.p-m. 


More exact calculations of cases involving combined bending and 
torsion, when justified by the known data, may be made by the 
formula: 

M, =M+VM 34M? 
in which M,=equivalent torsion moment, 
M,= applied bending moment, 
M,=applied twisting moment. 

The results given by all the above formulas may be obtained 
graphically by the use of Fig. 1, by Pror. J. H. Barr (Amer. 
Mach, June 11, 1908) which can be used without numerical compu- 
tations for determining the following factors: (1) The diameter ofa 
shaft for given moments and intensity of fiber stress. (2) The 
intensity of the stress in a given shaft under known moments. (3) 
The moment in a given shaft corresponding to any intensity of stress. 

As plotted it covers all possible moments and shaft diameters, and 
all intensities of stress up to and including 15,000 lbs. per sq. in. 


Simple Twisting Moment or Equivalent Twisting Moment 


which corresponds to a value of 4280 lbs. per sq. in. for S. 

For the combined bending and torsion of line shafts with hangers 
about 8 ft. apart, a rough and ready allowance for the bending action 
is made by making the formula read: 

ine 3 [1co Xh.p: | 
r.p-m. 

Similarly, for the more concentrated bending action of first movers 

or jack shafts, the formula becomes: 


i SEES 
r.p-m 
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Fic. 1.—Diameters of shafts under bending and twisting moments. 


(a) To find the required diameter of a shaft for a given twisting 
moment and a given intensity of stress: Scale A represents the twist- 
ing moment in pound inches. Each numbered division may repre- 
sent 100, 1000 or 10,000 lb.-ins., as the nature of the problem demands. 
Scale B represents the intensity of the fiber stress, each numbered 
division representing 1000 lbs. per sq. in. Locate points on the scales 
A and B corresponding with the quantities given in the problem. 
From these points erect perpendiculars to the scales and find their 
point of intersection. . If this point falls on one of the diagonals, the 
shaft diameter required will be the smallest quantity given on the 
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diagonal if each numbered division on the A-scale has been taken as 
too lb.-ins. of twisting moment. If each division has been taken to 
represent 1000 lb.-ins. of moment, the shaft diameter will be the 
intermediate number on the diagonal. Similarly, if each division 
has been taken to represent 10,000 lb-ins. of moment, the shaft diam- 
eter will be the largest quantity given on the diagonal. If the point 
of intersection of the perpendiculars does not fall on a diagonal 
the values for a diagonal through that point can be obtained by 
interpolation. 

(6) To find the intensity of stress for a shaft of given diameter 
and acted upon by a given twisting moment: Find the diagonal 
corresponding to the shaft diameter or interpolate for its position. 
Determine the point on the A-scale representing the twisting moment, 
letting each numbered division represent 100 |b.-ins. of moment if 
the smallest quantity on the diagonal represents the diameter given, 
or 1000 |b.-ins. if the diameter is represented by the intermediate 
quantity on the diagonal, or 10,000 |b.-ins. if the diameter is repre- 
sented by the largest number on the diagonal. Trace a horizontal 
from this point on the A-scale until it intersects the diagonal repre- 
senting the diameter. From this point of intersection trace a vertical 
until it intersects the B-scale. This last point of intersection will 
represent the intensity of stress required. 

(c) To find the twisting moment which will produce a given inten- 
sity of stress in a shaft of a given diameter: Locate on scale B the 
point representing the intensity of stress which is given and drop a 
perpendicular until it intersects the diagonal representing the diam- 
eter of the shaft. If necessary interpolate for the position of this diag- 
onal. From this point of intersection trace a horizontal until it 
intersects the A-scale. The point thus found represents the twisting 
moment required. Each numbered division equals too |b.-ins. if 
the smallest quantity on the diagonal represents the shaft diameter, 
or 1000 lb.-ins. if the intermediate value on the diagonal represents 
the shaft diameter, or 10,000 lb.-ins. if the largest value on the diag- 
onal represents the shaft diameter. 

(d) To find the required diameter of a shaft for a given bending 
moment and a given intensity of fiber stress: Multiply the given 
bending moment by 2 and proceed as under (a). 

(e) To find the intensity of stress in a shaft of given diameter 
acted upon by a given bending moment: Multiply the given bending 
moment by 2 and proceed as under (0). 

(f) To find the bending moment in a shaft of given diameter and 
under a given intensity of stress: Solve as under (c) and divide the 
moment thus found by 2; the quotient will be the bending moment 
required. 

(g) To find the diameter of a shaft required for a given combined 
twisting and bending moment and with a given intensity of fiber 
stress: Lay out the value of the bending moment on scale A as out- 
lined for the twisting moment under (a). Similarly, lay out the twist- 
ing moment on scale C, using the same value for each scale division as 
was used for each division of scale A. Set a pair of dividers as shown 
on the chart to the length between these two points. Add this length, 
to which the dividers have been set, to the length previously plotted 
on the A-scale. The point thus found will represent the value of the 
combined twisting and bending moment or the equivalent twisting 
moment. Use this point in the same way as the point representing 
the twisting moment was used under (a) and solve for the shaft 
diameter. 

(h) To find the intensity of stress for a shaft of given diameter, 
acted upon by given combined twisting and bending moments: 
Find the equivalent twisting moment as outlined under (g), then solve 
for the intensity of stress as indicated under (0), 

(i) To find the equivalent twisting moment for a shaft acted upon 
by a combined twisting and bending moment, having given the diam- 
eter of the shaft and the intensity of the fiber stress: Use the method 
outlined under (c) for a simple twisting moment; the result will be 
the equivalent twisting moment. For a given equivalent twisting 
moment there will be an indefinite number of sets of values for the 


simple twisting and bending moments. If either bending or twisting 
moment is known, the solution can be made directly. If the ratio of 
these moments is known, their values can be found by trial with the 
dividers by using the chart. 

The range of the chart can be still further increased by giving larger 
values to each numbered scale division of scale A. If each scale 
division of scale A represents 100,000 Ib.-ins. of moment, the corre- 
sponding shaft diameter is ro times the smallest quantity on the 
corresponding diagonal. If each scale division of scale A represents 
1,006,000 lb.-ins. of moment, the corresponding shaft diameter is 
10 times the intermediate quantity on the corresponding diagonal, 
and so on. 


~ 


Hollow Shafts 


The diameters of hollow shafts may be obtained from the formula: 


in which d =diameter of solid shaft, 
d,=outside diameter of hollow shaft, 
d2=inside diameter of hollow shaft. 


the two shafts having the same strength. 

The diameters of hollow shafts having given weight relations 
with solid shafts of the same strength may be determined from Fig. 2 
by Henry Hess (Amer. Mach, Sept. 3, 1896). The use of the chart 
is best shown by an example: 

Required, hollow shafts of the same strength asa solid shaft 9 ins. 
diameter. Follow the curve, starting at 9 ins. at the left, to its 
intersection with, say, the 1o-in. dia. line; then trace vertically down- 
ward to the internal diameter boundary line, which starts from zero 
of the diameter scale, and find that it is intersected at 72 ins. diameter; 
i.e., a solid shaft of 9 ins. dia. is equivalent in strength to a hollow one 
of ro ins. with a 73-in. hole. Similarly, a 12-in. with 10}-in. hole, 
and a 16-in. shaft with a 15;3;-in hole, are found to be equivalents. 

Should it be desired to find the equivalent hollow shaft weighing, 
say, 50 per cent. of the g-in. shaft, then the weight-percentage curve 
at the right, starting from 9g ins., is traced to the 50 per cent. vertical, 
which it is found to intersect at a diameter of rof+. Tracing the 
intersection of this diameter with the 9-in. curve at the left, down- 
ward to the internal diameter boundary, gives a hole of 8$ ins.; 
z.e., a hollow shaft of rof ins. dia., with an 8$-in. hole, is the equiva- 
lent in strength of a solid shaft of 9 ins. dia., but has only half its 
weight. 

The results given by the chart, while not always agreeing with 
those given by calculations, are in sufficiently close accord for all 
practical purposes. 

As a matter of fact, the hollow shaft will be stronger than the solid 
shaft, to which it is nominally equivalent, because the centers of 
solid shafts of any considerable size are defective and of little value, 
and it is to get rid of these defects that hollow forging process is 
resorted to, 


The Torsion of Shafts 


The torsion of shafts under a given stress may be determined from 
the formula 


in which 0 =angle of torsion in circular measure 
l=length of shaft, ins., 
M =torsion moment, Ib.-ins., 
G=modulus of transverse elasticity, 
= 11,000,000 for machinery steel, 
d=diameter of shaft, ins. 
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Fic. 2.—Solid and hollow shafts of equal strength and pele weight relations. 


For a torsion moment, M, of 1000 lb.-ins. and a length, /, of 1 in., 
this becomes, when converted from circular measure to degrees, 
205315 
d= qa 
in which 0 = angle of torsion, deg. 
The results given by this formula may be obtained graphically 
from Fig. 3 by W. H. RaEBurn (Amer. Mach, June 22, 1905), in which 


5 §sO53T : 
the quantity <3) has been calculated for diameters from 1 to 5 ins. 


7 


and plotted in the chart, the use of which is best shown by an example: 

Required, the angle of torsion for the shaft shown in connection 
with the chart. The ordinate to the curve at 21 ins. diameter is 
-00207, which, multiplied by 12—the turning moment in thousands 
of lb.-ins.—and by 60—the length of the shaft in ins.—gives 1.49 
deg., the angle through which the shaft will twist. 

The smaller chart for shafts between 1 and 2 ins. diameter is to 
a smaller scale than the one for larger shafts, but the larger chart 
can be used for shafts below 2 ins. diameter, if it be remembered 
that a shaft half the diameter of another will twist through 16 times 
as great as angle, 16 being the fourth power of 2. Thus these charts 
can be used for shafts either smaller or larger than those directly 
given. 

The torque capacity of solid and hollow shafts, the latter of seamless 
steel tube sizes, may be taken directly from Table 1 which is cal- 
culated for a unit fiber stress of 10,000 lbs. per sq. in. The capacity 
for other stresses is in direct proportion. 


The Critical Speed of Shafting 


The most careful possible balancing of rotating parts is not sufficient 
to secure quiet running at all speeds, for there exists a critical speed at 
which the remaining slight unbalance, however small, which there 
must always be, produces violent vibrations. This speed may easily 
be reached in steam turbines and other high-speed machines, and 
for such machines the shafts must be proportioned with respect to 
the critical speed, the diameter being such that the critical speed 
shall differ from the working speed by a suitable margin. As regards 
the margin, the General Electric Co. has found a value of 15 per cent. 
to give complete security from vibration in hundreds of cases. 

The working speed may be above or below the critical speed. In 
the former case there is, theoretically, danger of damage to the shaft 
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Fic. 3.—The torsion of machinery steel shafts. 


as the critical speed is passed, for, theoretically, it should break at 
this speed. Actually it does not do so, though for reasons that 
have not been explained. Such danger as there may be is minim- 
ized by balancing the piece as accurately as possible and by passing 


+f 
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TaBLE 1.—Toroue Capacity oF SoLip AND HoLiow SHAFTS, THE LATTER OF SEAMLESS STEEL TUBE SIzES 


By C. W. 


SPICER 


Sizes to the left of the left-hand zigzag line are difficult to straighten except with special equipment. Sizes to the right of the right-hand zigzag line are 


more than half as heavy as are solid shafts of the same outside diameters. 


Outside Tube thickness—B. W. G. and fractions (upper line); decimals of an inch (lower line) Solid 
diam., |20 18 16 13 II jz0 562 He % He 38 | 38 shaft 
ins. .035 .049 -065 20905 .120 .134 .156 .188 .250 -313 -375 -500 -625 
Torque capacity, lbs. ft. | <. 
20. 
16 9.28 In.9 Ares 1725 ae 
5 2 Sif 24.1 a5 x ; 
34 i} a3 307) “3 <a .8 .6 9-7 
78 ae) 6 a -4 BS} -9 -9 II0.0 
I aK} .6 32: ab .0 i) .0 165.0 
1% 5 473 -4 .0 .0 .6 .5 235.0 
114 ok} 503 .0 8 .0 .O .0 323.0 
136 9 .6 -5 ae; .0 .0 .0 429.0 
1% -2 .0 35, .0 -0 .0 .0 558.0 
1%4 .0 .0 .0 -0 .0 885.0 
2 ° .0 .0 a0) .0 1,286 1,320 
2% .0 .0 .0 me) .0 1,792 1,880 
24 .0 .0 2,398 2,580 
234 .0 .0 3,106 3,435 
3 722.0 3,918 4,460 
344 847.5 4,820 5,680 
3h 937.0 5,200 5,855 7,085 
334 6,140 8,720 
as 7,172 10,580 
474 5,920 6,790 8,275 12,660 
ay 6,740 7,765 9,475 10,880 15,040 
434 10,765 12,390 
14,040 


through the critical speed as rapidly as-possible, for the element of 
time seems to enter. It is also well to provide special arrangements 
to prevent undue springing of the shaft as the critical speed is passed. 

Below the critical speed the center of gravity revolves without 
the bow of the shaft while above it it revolves within the bow, for 
which reason the small vibration due to the remaining unbalance is 
less above than below the critical speed. Again, above the critical 
speed the vibration is less with slender than with stout shafts. 
These principles are employed in the high-speed single stage 
De Laval steam turbines which run on long slender shafts and 
above the critical speed. 

AxreL K. PEDERSEN, analytical expert the General Electric Co., 
has discussed this subject (Amer. Mach., May 7, 1914) as follows: 

While the importance of the critical speed is quite evident, and 
the definition easily understood, the nature and cause of this condi- 
tion and the statement that any shaft has a particular critical speed, 
no matter how carefully the balancing is done, deserves a more 
thorough explanation. 

An improper and careless balancing of the rotating parts would 
produce heavy vibrations at much lower speeds; maximum vibra- 
tions, however, first occur at the critical speed, and this has a con- 
stant value dependent only on the shaft dimensions, and conditions 
at the supports and manner of loading, but not on the amount of 
lack of balance. 

As to the cause for the critical-speed condition, it is evident that 
even a careful and excellent static and dynamic balancing of the body 
is not mathematically perfect, and that, therefore, the center of 
gravity of the rotating body does not coincide with the center of 
rotation as fixed by the shaft, or in other words, that an unbalanced 
body, exists. : 

Consequently, when running, the center of gravity rotates in a 
small circle around the center of rotation; this creates a centrifugal 
force, which, however small, produces an additional deflection of 
the shaft. The amount of this rotative deflection, which increases 
the radius of rotation, could easily be determined if the eccentricity 
of the center of gravity relative to the center of rotation were known. 


For increasing speeds, the centrifugal force, its direction rotating 
with the shaft and impressing vibrations on the bearings, increases 
in intensity. The smaller the intensity, the better the balance. 
The rotative deflection increases simultaneously, which is the same 
as an increase in the radius of rotation; hence, finally, a speed may be 
reached at which the rotative deflection becomes, theoretically, 
infinite. This is the critical-speed condition. 

It is evident that the rotative deflection is quite different from the 
initial static deflection of the shaft. A shaft with no static deflec- 
tion, as a vertical shaft, produces a rotative deflection in exactly the 
same manner, and, consequently, critical-speed conditions are iden- 
tical for vertical and horizontal shafts. For the critical-speed 
condition, the static deflection is of no actual account. Where, 
nevertheless, the static deflection appears in critical-speed formulas, 
it is only due to transformation of the factors entering into the mathe- 
matical expressions, and merely indicates that the critical speed is 
dependent upon the stiffness of the shaft. 

While the critical speed is independent of the amount of the re- 
maining unbalance, it is not to be inferred that a low degree of balance 
is admissible. What is desired is the least possible vibration at the 
running speed and this is dependent on the remaining unbalance, 
being, as measured by the deflection of the shaft, directly propor- 
tional to the remaining eccentricity of the center of gravity of the 
revolving mass. 

When calculating the critical speed, allowance should be made for 
unavoidable inaccuracies in the assumption of the various conditions. 
Numerous factors tending to cause uncertainty exist. Thus, it is 
quite difficult to fix the point of application of the load. The condis 
tions at the supports, whether the shaft is merely supported or partly 
fixed, inaccuracy of alignment, obliquity of the rotating parts, the 
increase in shaft-strength due to wheel hubs, are all factors of un- 
certainty which must be allowed for by assuming a proper factor of 
safety. 

Actually, if the balancing is done carefully, the shaft may be run 
at a speed very close to the critical value without any appreciable 
trouble being experienced. Under working conditions, however, 
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Fic. 4.—Case numbers and critical speeds. 


lack of balance is likely to develop and troubles would surely follow; 
therefore, it is advisable to allow quite a margin of safety, 20 per cent. 
above or below the critical value being considered satisfactory. 
The accompanying charts by Mr. Pedersen are based on an experi- 
mental theoretical formula by Professor Dunkerly which is suffi- 
ciently accurate for all practical purposes. The formula is as follows: 


in which 
N =critical speed of a multiple loaded shaft, r.p.m., 
no=critical speed of the unloaded shaft, 
M1, 22, N3=Critical speeds of the shaft loaded with single loads 
W:, We, W3 respectively, and not including the mass or 
weight of the shaft, the value m» taking this into account. 


Introducing proper factors this formula may be made to read: 
N 18,770 
WV hot hithkotkst 
in which ko, fi, ko, etc.=critical-speed constants corresponding 
to speeds, m0, 11 M2, etc. 
The constants kokik2ks are determined by the charts, Figs. 5 and 6, 
and the final critical speed N by the chart, Fig. 4, using the sum 


k=Rothithatkhst+ 


as combined constant. 


In the use of the charts the case number under which the problem 
in hand falls is first determined by consulting the diagrams in the 
upper part of Fig. 4. The critical-speed constant for the unloaded 
shaft is then determined from Fig. 5 followed by the determination 
of the constants for the various loads from Fig. 6. These constants 
are then added together and against their sum in the scale at the 
right of Fig. 4 the critical speed is read off. More in detail, the pro- 
cedure is as follows: 

1. For an unloaded shaft, consult the upper diagrams of Fig. 4 for 
the case number; connect that number on the M; axis of Fig. 5 with 
the length of the shaft between supports, thus locating a point on the 
M» axis; connect this point with the diameter of the shaft and read the 
value of the constant & from its scale. Against this constant on the 
scale of Fig. 4 will be found the critical speed of the unloaded shaft. 

2. For a shaft with a single load, find first the constant for the un- 
loaded shaft as above. Divide the distance from the load to the 


en as ’ : 
nearest support, giving the ratio z of the upper diagrams of Fig. 4. 


é 


Locate this value of I on the proper scale of Fig. 6; trace vertically 


to the curve for the case number and thence horizontally to the right. 
Connect the point found on the M, axis with the load, thus locating 
a point on the M, axis; connect this point with the distance from 
the load to the nearest support, thus locating a point on the M3 axis; 
connect this point with the diameter and read the value of the con- 
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Fig. 5.—Critical speed constants for unloaded shafts. 


stant k from its scale. For loads larger than the limit of the load 
scale—20,000 lbs.—split the load into several parts. A load of 45,000 
Ibs. may be split into three of 15,000 lbs. each, the constant for a 
load of 45,000 lbs. being equal to three times the chart constant 
for 15,000 lbs. This multiple value is then used as a combined 
value when finding the critical speed from the scale of Fig. 4. Note. 
: ; i 
For case No. r or the overhanging shaft, no ratio of zs found. 
For this case the point A on the M, axis as shown on Fig. 6 is used 
directly as the starting point. 


3. For a shaft with multiple loads, find first the constant for the 
unloaded shaft as in paragraph (1). Next find the constant for 
each load separately as in paragraph (2). F inally take the sum of all 
the constants as the combined constant and find the critical speed 
from Fig. 4. 

4. Should the critical speed thus found be unsuitable, thus making 
it necessary to find a corrected diameter corresponding to a second 
more suitable critical speed, find the corrected diameter from the 


formula: Nee 
dz=d, y, 


Values of Ratio, 7 
40.85.80) 25.20 
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Fic. 6.—Critical speed constants for single loads. 


in which d;=first diameter, ins., 


d,=corrected diameter, ins., 
N,=critical speed corresponding to diameter d;, r.p.m., 
N2=critical speed corresponding to diameter ds», r.p.m. 


This procedure involves a slight error due to the neglect of the 
variation in the weight of the shaft. The error, however, is so 
small that it may be disregarded. It is to be understood also that 
a shaft of uniform constant diameter is to be assumed. This shaft 
should first be calculated for strength and its diameter be then 
checked for safety against the critical speed. 

The following examples illustrate the use of the charts on which 
they are solved by the dotted lines: 


Example 1.—Fig. 7—Case No. 3-a, Fig. 4. 
Drameter of shatte=t 7 in, themiron) Pigs So. cles ce nls eee s weiss 


mele 
Load W = 4000 Ib., ratio Tae + 64.4 =0.407 
ATC REVO TU It ae eterna ohare) ie ieee eaetee cans fe avatar essmiewss~ 3: aayeie) ki= 33.0 


PL eMC ETO ODI DEC GONSEAM by oie cieslate) alte gi ¥¥e 4) 5) 214 Fleie 4,5 40a! 2.0 %aese Ro= 35.2 
and using Fig. 4, we get the critical speed N1 = 3150 r.p.m. 
Example No. 2.—Fig. 8.—Case No. 2. Fig. 4. 
Diameter of shaft di1=12 in., then from Fig. 5..........+.0-++05 ko= 56.0 


4 


Lbs. 
Load W1= 2000 ratio i Bo randurrom (Hig esters eee ene ee ki= 32.0 
Load W2=2500 ratio f- 24. ond from! 41g. Oe ar sae eee ere ee Ry— 5350 
Load W3=2500 ratio P= oS and {rom Pigs Owain aa secs tee OOO 
Load W4=3000 ratio = FO SuATICeELOM Ee Olsenmraicisie seein ka= 61.0 
Load Ws=3500 ratio p= Plo yalslsinobent Mbt hina guage ce aca ocsesa Mase MAO 
Hence, combined constant... ewes vast sees k =310.0 


and the critical speed from Fig. 4............... 


Friction of Line Shafting 


The friction of line shafting fitted with plain bearings formed the 
subject of an extended series of observations comprising 188 separate 
tests by C. A. Graves, Chf. Engr. Edison Electric Illuminating Co. 
of Brooklyn (Amer. Mach, June 5, 1013). 

The shafts were driven by electric motors and the power absorbed 
was obtained trom the current readings. The hangers and loose 
pulleys on the line and counter-shafts were counted; the machines 
were stopped and the power input of the motor was measured. Next 


. 


50 HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMAN 


the belts were removed one at a time and readings were taken 
after each belt was removed until the belt connecting the motor 
and line shaft only remained. Finally, this was removed and 
the readings were taken with the motor running free. In many 
instances the belts were replaced in reverse order in order to check 
the results. 

The difference between the power observed with all belts on and 
with the motor running free gives the power absorbed by the bearings, 
subject to a slight correction due to the varying efficiency of the 
motor at various loads. The friction due to the increased load on 
the bearings when the machines are at work was not measured. It is 
believed to amount to about 20 per cent., but, in any case, it should 
be charged to the work done. 

The hangers and loose pulleys were treated in the same manner as 
equivalents, because the tests showed that the average loose pulley, 
either on a line or counter-shaft, absorbed nearly as much, and in 
some cases more, power than a hanger. 

Table 2 gives the results of the tests classified by industries, and 
in Table 3 the same data have been reclassified in accordance with 
diameters of the shafts. 

Mr. Graves also tested the shafts (eight in number) of a factory 
with a complete equipment of Hyatt roller bearings. The results of 
these tests are givenin Table 4. The average of the table is .0286 h.p. 
per bearing. 


TABLE 2.—FRICTION CONSUMED BY LINE SHAFTING FITTED WITH 
PLAIN BEARINGS. CLASSIFIED BY INDUSTRIES 


A 


No. of : 
installations} Class of industry arte ven cap ngage 
tested | Max. Min. Mean 
6 Stone working....... 245 .124 eto L 
7 Wood working....... 318 O15 elEy 
25 Glothing mite seee. .037 .O10 .027 
50 Machine shops....... 3237; .025 .066 
I0o VATIONS Aerie eee t e320 .O15 eae) 


TABLE 3.—FRICTION CONSUMED BY LINE SHAFTING FITTED WITH 
PLAIN BEARINGS. CLASSIFIED BY SIZE OF SHAFT 


No. of Size of Average Horse-power per bearing 
bearings | shafts, ins. | r.p.m. Max. Min. Mean 
66 t6=E 428 .052 .OT0 .036 
706 14 382 .079 .o16 .033 
Bi) 4 425 - 119 .040 .062 
492 1} 392 -193 035 . 089 
155 13 218 sec .020 .078 
409 2 242 . 300 .028 .133 
21 24 264 gat ated 267 
83 24 243 . 300 088 255 


The diameter 2 ins. is to be understood as including everything 
between 13% and 24 ins. and so for the other sizes. 


TABLE 4.—HORSE-POWER CoNSUMED BY Line SHAFTING FrTrrep 
witH Hyatr RoLierR BErARINcs 


Section of shat, ..ic..0¢piw mute a I 2 4 4 5 6 7 
Number of hangers............ 22 ale oe U] ” 7 7 8 
Number of loose pulleys........ 40 24 | 20 | 19 5 8 2 | 22 
Total number of bearings....... 62 Si) |) Sx 26) a2 oars 9 | 30 
Hip. to drive shafting ......... 1.716 |.858).724).804).288).540|.281|.038 
HH Da DEDIDEATING. hiuains sieiele ote +027 |.028).026).031|.024|.036].031|.031 
fe. Dots On SrLant et etartisbari vin iale 275 | 300] 300] 200] 275] 200] 240] 180 
Diameter of shafting, ins....... 2 2 2 THE rHe [rth [rth |r dh 
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The power lost in friction of shafting formed the subject of an 
investigation by Pror. C. H. Benjamin (Trans. A. S. M. E., Vol. 
18). Sixteen factories were investigated, the results appearing in 
Table 5. 

Indicator cards were taken from the engine during the day, at 
intervals of about 1 hr., while the factory was in operation. During 
the noon hour, or after working hours at night, cards were taken from 
the same engine, when it was driving the line and countershafts only, 
no machines being in operation. Averages of these two sets of cards 
were assumed to show respectively the total horse-power and the 
friction horse-power. 

The figures in the column headed Horse-power to Drive Shaftin 
include the power required to overcome the friction of the engine 
itself and that of all the shafting and counters. If a deduction of 
10 be made from the percentages in the last column, they would 
show approximately the power required to drive shafting and counters 
alone. 

The friction of line shafting fitted with plain and ball bearings 
formed the subject of experiments by Dodge and Day, which were 
reported by Henry Hess (Trans. A. S. M. E., Vol. 31). Asa result 
of the experiments, Mr. Hess concludes that: 

When the belts from line shaft to countershaft pull all in one 
direction and nearly horizontally the saving due to the substitution 
of ball bearings for plain bearings on the line shaft may be safely 
taken as 35 per cent. of the bearing friction. 

When ball bearings are used also on the countershafts the savings 
will be correspondingly greater and may amount to 7o per cent. or 
more of the bearing friction. 

These percentages of savings are percentages of the friction work 
lost in the plain bearings; they are not percentages of the total power 
transmitted. The latter percentage will depend upon the ratio of 
the total power transmitted to that absorbed in the line and counter- 
shafts. 

The power consumed in the plain line and countershafts varies, 
as is well known, from 10 to 60 per cent. in different industries and 
shops. The substitution of ball bearings for plain bearings on the 
line shaft only will thus result in savings of total power of 35 X.10= 
3-5 per cent. to 35 X.60=21 percent. By using ball bearings on the 
countershafts also, the saving of total power will be from 7oX.10=7 
per cent. to 70X.60=42 per cent. 

For additional information on the friction of line shafting see Index. 


Keys and Keyways 


The common driven key for securing a crank or gear to a shaft is 
commonly made with a width of one-fourth the diameter of the shaft 
up to about a 4-in. shaft, and above that somewhat narrower, say 
1§ ins. for a 6-in., 1} ins. for an 8-in., and 2} ins. for a ro-in. shaft. 
The depth should be from five-eighths to three-fourths the width. If 
the work is at all severe, the length should be not less than 13 times 
the diameter of the shaft. The taper is commonly } in. per ft. 

This type of key is, however, a poorly designed thing at best; and 
under heavy duty, especially when the stresses alternate in direction, 
such keys are the source of much trouble. They seldom fail by shear- 
ing, but frequently fail from deformation due to the turning-over 
tendency of the forces to which they are subjected. Calculations of 
dimensions based on the shearing stress are, therefore, largely futile. 
There is no doubt that the success of the Woodruff key (which see 
below) is largely due to its better resistance to the forces which tend 
to turn it over. 

For the ends of shafts the Nordberg Mfg. Co. uses round keys 
Figs. 9 and 10, which are much better than the customary form. The 
tendency toward deformation is absent; they are in true shear and 
are a driven fitin the direction of the shear, no one of these statements 
being true of the common construction. Moreover, with the taper 
reamer once provided, they are much cheaper than the square key. 
To overcome the tendency of the drill to crowd over into the cast-iron 
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TABLE 5.—Power ReEQuiIRED TO Drive ENGINE AND LINE AND COUNTERSHAFTS FITTED WITH PLAIN BEARINGS 


| , a 2 a 3 
g |g & g| 2 Bele linn 
ay ae eo efele@leelgi2lel £ ra 
oe ee eases | elie te |e [8 |e 
a 
Nature of work ck eee a lee 25 SA | Cele nee g | = ie 5 
u a cee} 5 © iS a ° ° ° a $ ac) el SS 
3 eat aeS $32 Sesleri gs) glob 4) eA S Xe 22 
§ au] g 33 Seoul: ONO Meh ec se led |. Ne ie 
: 28) 3 See | oeeee PAB) Stee | el ge 
rye oo) ° . c| . I 
ZA a A 64 Chere aeaeal ulm Winer a Nan aye 
: : (ais pies 
I Wire drawing and polishing. .... 1130 oe 170 115! 89] 4 69 400.0] 243.0) 157.0] 39.2] One-half 
2 ae stamping and polishing....; 580] 3, 33 200 68; 28) 6 27| 18| 78! 74.0]. 17.0! 57.0] 77.0) One-third 
3| Boiler and machine work....... .| 1530 fants 150 46) 53) 53 | 47) 43) 152) 38.6) 13.3| 25.3] 65.6] Two-thirds 
. 5 2i 
a Bridge machinery....:.....0..: 1460 ea 110 142] 92| 4% | 79| 609] 80] 59.2] 11.3} 47.9] 80.7| Nearly full 
5| Heavy machine work...........] 1130 3 j 190 IIo] 141] 4 96; 68] 300] 112.0] 48.0) 64.0} 57.0} Full 
5 2 180, I 
6| Heavy machine work...........] 1065 “ 166, 22 II4| I92| 4 | 152| 123} 225| 168.0) 77.0} g1.0| 54.2] Full 
. : 13, 12 T3551 Io 
7, Light machine work............| 748! { ee \ ee a i 20 7\3 133| 250] 200] 40.4] 19.7] 20.7| 51.2 Full 
? 
8 es small tools...... Sele] aR II4 SSIS SSIS M SEA Gas 220 74eel  34esladOnole5e. ol evull 
9 Manufacturers small tools......| 900) 13,23} 175,136 | 102| 217| 3. | 202] 258) ro0o| 47.2| 22.7| 24.5] 51.8] Full 
1o| Sewing machines and bicycles...| 2490! 2, 6 150 274] 521| 3. | 403] 454] 400] 190.0] 82.0} 108.0, 56.9) Full 
out - a 60, 16 
Ir| Sewing machines...............| 1470 { ri 3 ‘ ae 8 184] 484] 3 435| 179| 350| 107.0] 32.5| 74.5] 69.7) Full 
1 
12| Screw machines and screws...... 1800 ‘ee - 180 180| 486] 3 | 302] 428) 320] 241.0] 127.0] 114.0) 47.3} Full 
2) 
1 
2 6 
13| Steel wood screws.............. 674 OE: { 55 | 2 96] 131] 4 89] 392) 140] 117.0} 100.0] 17.0) 14.5] One-fourth 
14 Manufacturers’ Steel nails oa.,..6 « 988 2a 200 74| 187] 3 175| 184; 58) 91.6} 45.9] 45.7] 49.9) Full 
Pepelanine milli ves. in... oe... 2 165| 3 267 19| 45] 6 40| 53/ 8! 309.2| 10.6| 28.6] 73.0) Full 
16] Light machine work............| 275 2 175 “V 3t 48) 4 27. 30: 8.3 ew 4.c| 48.6] One-half 
| 
hub, a small pilot hole a, Fig. ro, is first drilled in the joint, after which 
a second hole 5, as large as the proposed keyway will admit, is drilled 
in the shaft. Standard dimensions are given in Table 6. 
The Kennedy key, Fig. 11, has found large use in the Pittsburg dis- 
trict in the most rugged rolling-mill work, for which it does better 
thanany other. Forsuch work the keys are made approximately one- 
quarter of the shaft diameter, and located in the gear so that diagonals 
through two corners of the keys intersect at the center of the bore. 
The taper of } in. per ft. should be on the top for a driving fit, the 
sides being a neat fit. The hub is first bored for a press fit, then 
rebored about <4; of the shaft diameter off the center, the keyways 
being cut in the eccentric side. That portion of the bore opposite 
TABLE 6.—NORDBERG STANDARD RounD Krys 
ia. of i : Dia. of | Cutti 
Dia. of Dia. o Cutting Dia. of ia. oO utting pcre. ae 
"i reamer, | length of . _ |reamer,| length of ‘ ; 
shaft, ins. : : shaft, ins.| . ; 
ins. |reamer, ins. ins. |reamer, ins. 
248-3 i 4t 13 ] 
316-32 3 44 14 f ave 52 
38 -4 I 45 15 
4% 42 1% 5 | 16) 
5 1% 45 ) 7 38 13 
52 13 45 18 
6 12 6% 19 
7 20 f 36 
8 | re 6% and 8 21 
9 22) 
Io 23 43 14} 
TE 2 rot || 24 | 
12 i | = ie 


Reamer diameters are at the small end. Taper 7g in. per ft., meas- 
ured on the diameter. 


PIG wie 


FIG. 12. 


Fics. 9 to 12.—Improved forms of keys. 
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1 1 1 3 i 1 1 5 
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5 3 3 al at 1 ou aR 
4 Bea alenok 16 18 | Ig £ 8 64 
5 i 1 1 ab 5 Son ee 
5 oe |e elie 16 C | rs } ge |\-33 62 
5 5 5 a0 1 E32 235 5 
6 Salesa Ieee i6 19 | lg | x6 | 32 C4 
3 a 1 1 ak Bite, fie 5. 
di £ 3 | 16 16 20%) 8a ea) lea 64 
3 5 5 1 1 1 1 5 
8 asa | ee 16 SiG) Ba) ay Ba 
3 3 3 1 oh abe 5 puss 
9 Zales al) a2 16 D | iz | ve | 32 64 
7 5 5 1 3 3 5 
Io Be sa 64 16 1B NN aes B i 26 64 
as 23. a38 Ue 3 a ali eso 
it Go| seg? |) es 16 22 | Ig 4 8 32 
7 7 1 1 3 5 5 3 
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ete aL 1 pits 3 3 3 3 
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3 _3_ poke, 1 1 1 7 
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pads eis Se gil e5o BBs Ps. 
14 Tr 32 | 64 16 25 Lz) |) 16) |) 2 6a 
1 el 1 1 3 3 1 
15 rt 4 8 16 G | 13 || a5 64 


CO ee 
\ d I 
\ 
e | 
TABLE 8.—WoOoODRUFF SPECIAL Krys 
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TABLE 9.~-DIAMETERS OF SHAFTS AND SUITABLE Wooprurr Krys 


Diam- : , 
eee Number|} Diameter | Number Diameter | Number 
of ke of shaf f ke r 
rk y t of key of shaft of key 
53 
16° 8 I a) 6,8,10 Tey 14,17,20 
aes | | 
y5—-4 2,4 I Co} fu pane 17-13 15,18,21,24 
9 5 
168 355 Ize-14 9,11,13,16 rit-12 18,21,24 
3 
i6 4 35557 Iq I1,13,16 tif-2 23,25 
| 68 i] sts [raysa.t7,20|| ar-24 [2s 


the keys remains as originally bored. This feature is not essential 
but is of obvious convenience in assembling and disassembling. 
For less severe duty this type of key may be made narrower, as In 


Bie. S55e 


Fic. 13. Fic. 14. 


TABLE 10.—DIMENSIONS OF KEYS AND KEYWAYS 


Taper key (% in. per foot) Straight key 
s o 1 => vo re 
a Ia 2 zs 7 a | = ry = 
or oa wre) 3 S a re} a 3 
2 S es Zz, 
G\2|,tl¢g |#sidg,/"s|./28/o8i\28|o8 
a oae 2 o|] A oo 2 | 2 a ae 2 ate 
Sls) se o/Ss SSS /See/ 2s) s Selo slesics 
gla|G@la9% #2/433\ 8° |S\s2 Sele°/3s 
o|ol/2ai/o2 a a? asi) e Hy a3) Ss 
N = |'d—-1o 8 5) o£ | @ Ss] 0 ia > a 
al|EFle 1a ee ts A e1A | A | 
AU BH Cc D a ee HAT DP Se ae ee 
4] ve) & Br # | .oros | .0272| 2] # ) 3 | .0352| .0273 
vs | az] ze a7 dz | .0384 | .0240) & & | & | -0540} .0397 
t/a] w| & | a | -0374| -0252| &| & | &k | -0528| .0409 
4 | 4% a cr & 0548 | .0380} | ws | ze | -0704) .0546 
| a} 4 ve ve | 0724 | .0525 # & | & | -0880| .0682 
| | : 
|| & | & | & | .0900| .0662} %| | w | -1056) .0819 
4] | a7 a 1076 | .0798| i a 1232| .0955 
: z v6 ar 7 1096 | .0778| 4 + | 34 1408] . 1092 
12 | ve) 2 3 4 | .1448 | .1051) | wy | dy | -1761| .1364 
4 |%| x a # | .1800 | .1324) 2 | we | we | -2223| -1637 
| } i 
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Width of Keyway, Diameter of Shaft = 1.0 


40 50 
Width of Keyway, Diameter of Shaft =1.0 


60 
Fic. 16.—The weakening effect of keyways on shafts. 


Fig. 12, and may be accepted as a sovereign cure for key troubles. 
In all cases the taper should be between the top and bottom faces. 
The Woodruff system of keys, because of its increased depth, obviates 
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SHAFTS AND KEYS 


the tendency of common square keys to turn over in their seats. 


It has come into large use, especially in machine-tool construction. 
Tables 7, 8 and 9 give the dimensions. 

The besr method of dimensioning drawings of keyways in shafts 
which are to be cut on the milling machine is that shown in Fig. 13. 
By adjusting the cutter until it just marks the shaft and then sinking 
it for depth by reading the index dial, the correct depth is quickly 
obtained. The best method of dimensioning keyways in hubs is 
that shown in Fig. 1 4, the convenience of which, to the workman, is 
obvious. The figures for these methods of dimensioning are easily 
obtained from Table 10, the reference letters of which correspond 
with those of Fig. 15. 

The weakening effect of keyways on shafts formed the subject of 
experiments by Dr. H. F. Moore (Bulletin University of Illinois 
Engineering Experiment Station, No. 42). The results of the experi- 
ments are given graphically in Fig. 16. Dr. Moore defines the 
efficiency of a shaft with keyway as the ratio of strength at the 
elastic limit of a shaft with keyway to the strength at the elastic 
limit of a similar shaft without keyway, and it is this effciency which 
may be obtained from the chart. To use the chart locate a point 
defining the size of the keyway which will, in general, fall between 
two lines representing values of efficiency, and the efficiency of the 
shaft in question may then be estimated with sufficient accuracy. 
The space within the triangle OAB represents the range covered by 
the tests actually performed, and covers the proportions of keyways 
commonly used in practice, 
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TABLE 11.—Brown & SHARP Mrc. Co.’s STANDARD KEYWAYS 
FOR CUTTERS 
Diameter (D) of | Width (W) of | Depth (D) of Radius 
hole, ins. keyway, ins. keyway, ins. (R), ins. 
38 to %6% 380 364 020 
5g to 3g Mg 6 .030 
1546 to 134 540 564 035 
134g to 13g 46 389 040 
16 to134* V4 ¥ 050 
11376 to2 546 549 060 
2h{g to2k4 38 He 060 
2%6 to3 Ws 46 060 


BELTS AND PULLEYS 


The driving power of leather belts is summed up by Pror. W. 
W. Birp (Journal Worcester Polytechnic Institute, Jan., 1910) as 
follows: 

The h.p. that a belt will transmit depends upon the effective 
tension and the belt speed. The effective tensions depend upon the 
difference in the tensions of the two sides of the belt and on the sur- 
face friction, which depends upcn the ratio of the tensions and the 
angle of wrap. 

Experiments and practice have shown that a belt of single thickness 
will stand a stress of 60 lbs. per in. of width and give good results, 


The use of the tables is shown by the following examples: 

How much horse-power will a 4-in. si.ngle belt transmit at a speed 
of 4600 ft. per min., passing over a 12-in pulley? The factor is 920, 
therefore, 

46004 _ 


ae 5 20 h.p. 


How wide should a belt be in order to transmit 50 h.p. at 2000 ft. 
per min. on a 36-in. pulley? 
50X 830 
2000 


W= =20.7-in. single belt. 


that is, it will only require an occasional taking up and will have a” 


fairly long life. ‘The corresponding values for double and triple 
belts are 105 and 150 lbs. per in. of width provided the pulleys are 
not too small. 

Experiments have shown that on small pulleys the ratio of the 
tensions should not exceed 2, on medium pulleys 2.5, and on large 
pulleys 3. The larger the pulley, the better the contact, the thinner 
the belt, and the better the contact for the same size of pulley. When 


This gives a width of single belt which is beyond the usual limit, 
8 ins. being considered good practice for the maximum width of a 
single belt. 


Ww= 


sas aio 13-in. double belt. 
00 


20 


How wide should a single belt be in order to transmit 2 h.p. at 
600 ft. per min. over a 4-in. pulley with 140 deg. wrap? 


TABLE I.—-CONSTANTS FOR THE DRIVING PowER OF LEATHER BELTS 


Di Favar wail | Under Bane Over Under Re ee Over Under weit dee | Over 
ema poe eS 8 ins. Page Bi iti 14 ins. - qe, Sete: 2tins. | ; 7 ft. 

Thickness of belt Single Single Single Double Double Double Triple Triple Triple 
RAGtORs cota II00.0 920.0 830.0 630.0 520.0 470.0 440.0 370.0 330.0 
Difference of tensions......... 30.0 25. © 40.0 R238 63.0 70.0 75-0 90.0 100.0 

JEGP Geni; Oi) CHGssca0 o> ance 0.74 0.89 0.99 0.74 0.89 0.99 0.74 0.89 ©.99 
ationolsbensiouseer seer nee: 2.0 2.50 3.0 2.0 2.50 3.0 2.0 2.50 3.0 
Tension on tight side......... 60.0 60.0 60.0 I05.0 105.0 | 105.0 150.0 150.0 150.0 


the pulley diameter in ft. is three times the thickness of the belt in 
ins. or in this proportion, we get equivalent results for different thick- 
nesses of belts. This gives a method of classifying pulleys. The 
belt has to adjust itself in passing over a pulley due to its own thick- 
ness. Some adjustment is also necessary on account of the crowning 
of the pulley. These adjustments account for the different ratios for 
the various pulley diameters. The effects of the crown and pulley 
diameters are not usually considered in belt rules, which is a grave 
mistake. The ratios are for 180 deg. wrap and decrease with 
less contact. 

The creep of the belt depends upon its elasticity and the load, and 
experiments have shown that this should not exceed 1 per cent. in 
good practice. In order to keep this creep below 1 per cent., it is 
necessary to limit the difference of tension per in. of width of single 
belt to 40 lbs. The ccrresponding values for double and triple belts 
are 70 and 100 lbs. per in. of width. These figures are based on an 
average value of 20,000 for the running modulus of elasticity of leather 
belting. . 

Table 1 has been prepared on the basis of these limitations and 
gives a value for F in the equation 


VXWw 
Dae: 


h.p.xF 
eal 
in which h.p. is the horse-power, V the belt velocity in ft. per min., 
and W the width in ins. 

Table 2 gives corrected values for F when the arc of contact or wrap 
is greater or less than 180 deg. On large pulleys the creep may exceed 


1 per cent. if the wrap is over 180 deg., as the increased friction gives 
a greater difference of tensions. 


h.p. or W= 


TABLE 2.—CONSTANTS FOR THE DRIVING POWER OF LEATHER BELTS 
220° | 210° | 200° | 190° | 180° | 170° | 160° | 150° | 140° | 130° | 120° 
980 |1010 |1040 [1970 |1100 [1140 |t180 1220 |1270 |1330 |1400 
810 | 830 | 860 | 890 | 920 | 950 | gg0 |1040 |1100 |1170 |1240 
730 | 750 | 770 | 800 830 | 860 | 890 | 930 | 980 |1030 \II00 
560 | 570 | 590 | 610 | 630 | 650 | 670 | 700 | 730 | 760 | 800 
460 | 470 | 480 | 500 | 520 | 540 | 570 | 600 | 630 660 | 700 
| 
420 | 430 | 440 | 450 | 470 | 490 | 510 | 530 | $60 ) 590 | 630 
390 | 400 | 410 | 420 | 440 | 460 | 480 | 500 | 520 | 540 | 560 
320 | 330 | 340 | 350 | 370 | 390 | 410 | 430 | 450 | 470 | 400 
290 | 300 | 310 | 320 | 330 | 340 | 360 | 380 ! 400 | 420 | 440 


Taking the factor rroo from Table 1, in line with it in the 180 deg. 
column of Table 2 we find in the 140 deg. column the corrected 
value 1270. 


~=4.23-in. single belt. 


How wide a belt is required for 300 h.p. at 2000 ft. per min. 
over a to-ft. pulley? 
470 


300X “ 
ane ee double belt. 


Ww 
This is too wide. Good practice calls for a change to triple at 48 
ns. unless for some special reason a narrower belt is necessary. 
w =300X330 
2000 
The belt speed is limited by centrifugal force, but below 5000 ft. 


per min. the loss on this account is largely compensated for by the 
4 


=409.5-in. triple belt. 


5 
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increase of friction due to the decrease in the time element of the con- 
tact, caused by the increased velocities. 

The results given by these factors are well within working values 
and the belts will probably transmit 50 per cent. more power than 
these factors, but at the expense of the life of the belt. A liberal 
allowance at the beginning means less annoyance, fewer delays in 
taking up the belts, longer life and less cost for renewals and repairs. 

The dimensions of belts in relation to the power transmitted and 
the effective pull may be obtained from Figs. 1 and 2. Fig. 1 con- 
forms to the usage of Wm. Sellers & Co. as deduced from the experi- 
“ments made for them by Witrrep Lewts (Trans. A. S. M. £., Vols. 
7 and 20). Fig. 2 conforms to the recommendations of Cart G. 
Bartu (Trans. A. S. M. E., Vol. 31) based on a re-analysis of the 


same experiments combined with a study of the extended observa- 
tions of belts in service by F. W. Taytor (Trans. A. S. M. E., Vol. 
15). Mr. Barth’s recommendations are intended to secure maximum 
economy of belts and of upkeep. He considers the proper working 
loads of belts when proportioned from this viewpoint to be so well 
within the capacity of any good joint that the kind of joint may be 
ignored. 

The author suggests that the Sellers chart be followed for main 
driving belts and that Mr. Barth’s chart be used for machine belts. 

For arcs of contact other than 180 deg., the power transmitted’ 
and the effective pull, as given by the charts, are to be multiplied by 
the factors of the table below the charts. 

The charts should not be understood as giving, or as intended ta 
give, the ultimate capacity of belts. As with every other machine 


100 a faelel Tel member, the question regarding a belt is not how much it can be 
cae! HH made to do, but how much it should be made to do. As a matter 
20 =f 6 C of fact, and as shown by the figures given below, belts will carry loads 
, : f ‘ : 
F| Q e ~ materially in excess of those imposed by either chart. 
= i imi 1 =I 3 ‘ f 
= = EI mt Ht He HS An examination by the author of belt fly-wheels of r2 Corliss 
= mt Sel I engines, ranging between 50 and 380 rated h.p. by three high- 
ae Ly @ class builders (Amer. Mach., Oct. 28, 1897), gave the following 
EI SI Lh; A ri é 
4 Ck Dob 5, values for the number of ft. per min. travel of 1-in. belt for each h.p. 
Cal . . 
ane E Sep! Ee of the rated capacity of the engines: 
4 3 H R25 Cy AV Crag GxOL Wait omens eek Pet MRI Aer ee EE 480 
3 > “fh Sin le Be Miamaimianas.. caterer oe cree 750 
é ¥. . . 

au cH ef NG co AVERT UA a. Sars eoate ever ert ean in Me eee ten 375 
ee ei. 
a Ae Th; Hie ee sete 
& thi Sh f aan For additional information on main driving belts for steam engines, 
= 30 Eoee ~ eli X07 SoH see Steam-engine Belts. 

3 tt Por eee As an example of heavy duty, SAMUEL WEBBER (Amer. Mach., 
8 20 Cr: Feb. 22, 1894) cites a main driving belt 30 ins. wide, % in. thick, 
I I . et is. 

[ aa | H running 3900 ft. per min. on a 5-ft pulley and transmitting 556 h.p. 
. A i rH oe Poe for a period of 6 yrs., giving 210 ft. per min. travel of 1-in. belt per h.p. 
one one ee oe HH 
0 i Patrre imi BEE il I |_| 
PES a im 
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{ LT | Tey | t TEES e Fy igs 
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10 2 seeSReeery A Cet ac aid or 
a aye . cee 7 ea Re a 
| EEA 2% a0 Pet Za 
i, tacesvaceceeees©/ceeseeeaueuse read ease eect 
= cH roe ga CI Re) i. 
= - rong cH B 5 20 Ce}|-| 
+} 8 em ims) | I & a Mia 5 ¢ 
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= 1] [ it rT rt THI 10 
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Lol i! Ss 1 
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F 4 xd Io ott ict] cS) i ne ee 
a) ~ ° . H 3 : 4 rt Be an 
ae SA Vers) ac gs a 
: Be Sates Ree EE sa/ saerdaseuasee E 
fe | V5 ae (a g on 3 wi ee git Bees 
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S Ast i gs Foy aes 
is9] 63) et B cI . S : saan H HI 
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tats o A, a3 ale tt} ttt | 
| | Baa Bw ee a il el i ala 
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» 1000 2000 3000 4000 5000 6000 7000 8000 1000 2000 3000 4000 65000 6000 7000 
Velocity of Belt, Ft. per Min, Velocity of Belt. Ft, per Min, 
Toe Be It formula, 
Fic. 1.—Sellers belt formula. Fic. 2.—Barth belt 
Factors to be used for different arcs of contact. 
540 150 160 170. 180 190 200 210 
Arc of contact, deg go 100 IIo 120 130 140 5 en | 
Factor : .65 .70 78 ays) .83 .87 .QOL 94 .97 I.00 1.03 1.05 1.07 
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The arc of contact of a belt on the smaller of two pulleys may be 
found by the following rule and Table 3, by Wm. Cox (Amer. 
Mach., July 20, 1905): 

Divide the difference between the diameters of the two pulleys 
in inches by the distance between their centers, also in inches. Let 
the quotient equal «. Now from the accompanying table find, in line 
with sucn ascertained values of «, the corresponding angle of the arc 
of contact of the belt on the smaller pulley. 

Example: Two pulleys of 80 and 3o ins. diameter are spaced 120 
ins. apart, center to center; what is the arc of contact on the smaller 
pulley? 


Opposite .416 in the x column we find the arc of contact to be 156 deg. 
TABLE 3.—ArRcs OF CoNTACT OF BELTS ON PULLEYS 


Angle, Angle, Angle, 
x x x 
degrees degrees degrees 
.000 180 -347 160 .684 I40 
O17 179 364 159 . 700 139 
-035 178 .382 158 AU Rey 138 
+052 177 +399 157 -733 137 
.070 176 -416 156 - 749 136 
087 I75 .A22 155 . 705 135 
. 105 174 || .450 154 781 134 
+122 173 467 153 -797 133 
-139 172 .484 152 813 132 
3257 17s ESO I5I -829 I31 
Saye 170 .518 I50 .845 I30 
-192 169 Mea 534: I49 . 861 129 
+209 168 iti 148 .877 128 
-226 167 568 I47 .892 127 
~244, 166 .584 146 -908 126 
- 261 165 . 601 I45 +923 I25 
-278 164 -618 144 -939 124 
. 296 163 .635 143 -954 oo 
Ag 162 .651 142 .970 122 
= 330 161 .668 I4I .985 I21 
-347 160 684 140 I.000 120 


The comparative transmitting capacities of pulleys made of different 
materials formed the subject of tests by Pror. W. M. Sawpon 
(Proc. Nat. Asso. of Cotton Mfrs., 1911). ‘The results of these tests 
reduced to an arc of contact of 180 deg. and 250 lbs. per sq. in. tension 
on the tight side are givenin Table 4. ‘The tests were made at a belt 
speed of 2200 ft. per min. 


Idler Pulleys and Quarter Twist Belts 


The idler pulley may be made the source of great benefit, when properly 
laid out, although commonly looked upon as an unmixed evil. Used 
as a simple tightener, it is not to be recommended, but when so laid 
out to increase the arc of contact it may be made to reduce the 
tensions. 

Fig. 3 (Amer. Mach., Ma» 26, 1910) shows the correct location of 
the idler pulley. Its obvious effect is to increase the arc of contact, 
especially on the smaller pulley where most needed. This, in turn, 
reduces the necessary tension on the slack side, increases the differ- 
ence of tensions, that is, the effective tension, and reduces the tension 
on the tight side for a given effective tension, these reduced tensions 
leading, in turn, to a corresponding decrease of pressure on the bear- 
ings. The idler should be on the slack side of the belt and near 
the smaller pulley. Either pulley may drive. Additional benefit 


TABLE 4.—COMPARATIVE POWER TRANSMITTING CAPACITIES: OF 
PuLLEYS OF VARIOUS MATERIALS 


Compania 
transmitting 


Kind of pulley capacity at — 
2 per cent. 
slip 

CASE IPOD) 3.6:2 Abate » ewan et eer eee 100.0 
Cast iron with.corks proj. 104 Mk. .c-eee eee 107.0 
Cast iron with corks proj.).085 40's. 4-1 ace i222. De 
Wood 2 ai.cic nc o EAS ee ee ee ee oe eee 105.6 
Wood with corks proj. .075 in. ..........--.+--- 104.8 
Wood with corks proj; .03- IH. ase -o ose = ee 104.8 
Paper’ oc c',srelors wsplelodatane yet 2k ole: cae eee E3945 a 
Paper with corks proj. .687 Uk ins se ee 122.0 
Paper with corks proj. (about) .or5 in ..........- 133.2 


may be obtained by mounting the idler on a weighted arm arranged 
to swivel about the center of the smaller pulley, as shown in Fig. 4. 
With this construction the tensions are independent of the elasticity 
of the belt and the objection to short belt transmissions disappears. 
Similarly, the weight of the belt in vertical transmissions no longer 
reduces the tensions on the lower pulley, and such transmissions 
become entirely practicable. Again, the effect of centrifugal force 
in causing the belt to leave the smaller pulley, reducing the arc of 
contact and carrying air between pulley and belt is overcome. 


iC Wo 
y Driver 


Fic. 3: Fic. 4. 


Weight 
Fics. 3 and 4——Correct arrangement of idler pulleys. 


The layout of quarier twist belts is shown in Fig. 5, the rule being 
that the central plane of each pulley must pass through the point 
of delivery of the other pulley. This construction should be used 
with narrow belts running on pulleys at a good distance apart only. 
Quarter twist belts will drive in one direction only. 

Guide pulleys should be substituled for quarter twist belts whenever 
possible, and Figs. 6-14 show various arrangements of such pulleys. 
The rule is that the intersection of the central planes of consecutive 
pulleys shall be tangent to both pulleys. 

Thus in Fig. 7, in which pulleys A and B are of the same size, and 
either of which may drive in either direction and the shafts are at 
right angles, the intersection of the central planes of B and C’ is 
obviously tangent to both and so for the other pulleys. In Fig. 
8, A is larger than B and the same condition holds, as it does also in 
the increasingly complex arrangements of Figs. 9 and ro. 

In Figs. rr and 12 A or B may drive. In Fig. 11 C or D is loose 
on the shaft, while in Fig. r2 both C and D are loose. The loose 
pulleys should, if possible, be placed on the slack side of the belt. In 
Fig. 13 the guide pulleys revolve, nominally, at the same speed, but 
nevertheless one of them should be loose in order to provide for the 
differential action due to any slight difference in their diameters 
Fig. 14 shows a power distribution system through a 16-story building 
by means of vertical shafts, a single guide pulley only being used 
for each belt. Similar constructions distribute the power from the 
vertical shafts to line shafts on each floor. 

In all of the constructions shown, except that of Fig. 5, the belt 
will drive in either direction, the arrows being for assistance in tracing 
the motion. 


Holes through floors for quarter-twist vertical belis may be laid out by 


“ry 


the method shown in Figs. 15-18 by M. H. Batr (Mchy., Sept., 
1912). The basic rule is that the center of the face of one of the 
pulleys at a point level with the center of its shaft must be in the same 
vertical line as the similar point on the other pulley, as indicated in the 
illustrations. The direction in which the pulleys are to turn deter- 
mines which of their sides must be in line, as it is always the sides 


Fic. 5.—Quarter 
twist belt. 


Fics. 6 to 10.—Substitutes for quarter 
twist belts. 


from which the belt leaves the pulleys which should line up. Fig. 15 
shows how the pulleys should be set when the lower pulley turns to the 
left, as indicated by the arrow. Fig. 16 shows the setting when the 
lower pulley is driven in the opposite direction. The rules given 
apply to the aligning of pulleys at other angles as well, an example of 
which is shown in Fig. 17. 
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Fig. 18 shows a method of laying out the floor holes for the drive 
indicated in Fig. 16. First draw an outline (plan view) of the two 
pulleys on the floor in full size, directly below and above the respec- 
tive pulleys to be connected by the belt. A starting-point for this 


Fic. 11. FIG. 12. 
Fics. 11 and 12.—Substitutes for quarter twist belts. 


layout can readily be found witha plumb bob. Then draw the center 
lines AB and CD through the faces of the pulleys, and divide the 
diameter of each pulley into eight parts, as shown, numbering the 
divisions 1, 2, 3, etc. The numbers of the divisions must start from 


Engine 


Corliss 
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625K 


Pulleys 


FIG. £3: 
Fics. 


Fic. 14. 


13 and 14.—Substitutes for quarter twist belts. 
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the sides of the pulleys which are opposite the arrow points shown in 
the plan view indicating the direction of rotation. Next, measure the 
distances from center to center of the shafts and from the center of 
the upper shaft to the floor. In the example shown the distance 
from center to center of the shafts is 96 ins., and the distance from 
the center of the upper shaft to the floor is 42 ins. As 96+8=12, 


B Fic. 18. 
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on the top side of the floor, and as our measurements from the floor 


to the upper shaft determine how many spaces we are to set off, 


start numbering these divisions from the point £, the line EJ being 
parallel to the face of the upper pulley; then set off 3% spaces from 
E, thus determining point L, and draw line LO through J, making 
JO equal to LJ. This line indicates the position of the center of the 
belt at the floor line and a line of the same length parallel to it through 
K indicates the other center line of the belt at the floor line. 

The layout for an angle of other than 9o deg., as indicated in Fig.- 
17, differs only in that the arc on the pulley outline extends only 
from the line EJ to the line GJ, Fig. 17, this latter line being parallel 
with the face of the lower pulley. Any number of divisions more or 
less than eight may be used if preferred. 

Mudle-pulley stands may be laid out by the method shown in Figs. 
19 and 20 by Frep Howe (Woodcraft, June, 1912). 

Before the problem can be laid out as in Fig. 19 the diameters 
of the pulleys and the distances between the shafts must be known. 
Assume that shafts A and C are each horizontally 4 ft. 6 ins. from 
the mule pulleys, which are to be centered at Z, and that the shafts 
are vertically 18 ins. apart. Draw two horizontal lines, 18 ins. 
apart, through the centers of A and C, and locate these pulleys upon 
their lines as shown. ; 

Pulley A is represented 4 ft. 6 ins. from pulley C, and the line H 
at the center of pulley A indicates the point where the turn in the 
belt is to be located. 

Having drawn a vertical line H 4 it. 6 ins. from C, measure off 
another 4 ft. 6 ins. from the last vertical line, and draw a third line 
at B. This line represents the location of shaft AB, were the belt 
stretched out in a straight line, without passing around the mule 
stand Z. The inclined lines from pulley C to pulley B show theexact 
path or slope of the belt at every portion of its length from one pulley 
to the other. 

Let it now be assumed that the mule pulleys E are ro ins. in diam- 
eter. Measure back 5 ins. from the middle vertical line H, and draw 
another vertical E, which will be the center of the mule stand; meas- 
ure from the horizontal lines through C and A to the lines G and F, 
and, scaling the drawing, shows about 2 ins. and 32 ins. or by calcu- 
lation 2% and 38 ins., respectively. 

If desired, the belt may be made to run with the mule pulleys level 
with one of the pulleys, either the upper or the lower, or they may 
be located anywhere between the two extremes, but the principle 
involved is the same, no matter where the mule pulleys may be 
located. The method here shown places the mules directly in line 


Fic. ro. 


Fic. 20. 


Fics. 19 and 20.—Laying out mule pulley stands. 


each division on the diameter of the pulleys is equivalent to 12 ins. 
Further, 42+12=34, which represents the number of spaces that the 
center of the belt will be from the center points of the sides of the upper 
pulley, as indicated at J and K in the engraving. Draw the line 
EJ through the point thus located in the rectangle representing the 
upper pulley. Then strike an arc with J as center and EJ as radius, 
as indicated, and divide it into eight equal parts. As we are working 


with pulleys C and A, so that the belt makes an even drop from one 
pulley to the other. 

Should it be proposed to locate the mule pulleys at any other point 
between C and A, the sum of the distances between the mules and 
the two pulleys is taken as above, and pulley B, laid down as 
described, no matter where between them line E may come. Should 
line E be moved toward or from shaft C, and the belt length 


BELTS AND PULLEYS 59 


remain the same, there will be no change in the angle at which the 
mule shaft must be placed. And this angle is the same from the 
vertical as the angle of the belt is from the horizontal, viz., one in 
six, or the mule shaft must be suspended 2 ins. to the ft. of its 
length out of plumb. 

Fig. 20 shows the arrangement of the mules as found from Fig. 19. 

_ The mule pulleys are ro ins. in diameter, and it will be assumed that 
all the pulleys are 6-in. face. Pulleys C and B being equal in diam- 
eter, the mules must be a distance apart ‘equal to the diameter of the 
pulleys C and B, or 12 ins. As the center of the face of each mule 
pulley must be placed with the middle of its face upon vertical line 
H, and as the shafts of the mules pitch 1 in 6, it is evident that the 
centers of the mule shafts will be 2 ins. apart on centers, and scaling 
the drawing, Fig. 20, shows this to be the case. 

The mule pulleys located as shown will run perfectly, keeping the 
belt square upon both driver and driven pulleys. In fact, inany belt 
transmission of similar character it is only necessary to look to two 
points. The first of these is that the upper mule pulley be so arranged 
that it receives the belt fair and square from drive pulley C. In 
fact, the upper mule pulley may be placed at any angle or at any dis- 
tance from C and the belt will track perfectly as long as the face of the 
mule pulley is fair to receive the belt squarely from pulley C. It 
makes no difference at what angle the belt leaves the mule pulley, 
except that this pulley must be so located that the belt leading away 
therefrom shall lead or track directly and fairly toward pulley B. 
That is all that is necessary for the upper mule pulley. 

The lower mule pulley may be so placed that it shall receive the 
lower fold of the belt fair and square from pulley A. Nothing else is 
so necessary as that the mule-pulley is located so that the belt guides 
fair toward the receiving side or face of pulley C. This means that 
the lower mule shall be moved bodily so as to guide the belt toward C 
and turned at the angle which may be necessary to receive the belt 
from pulley A. It makes no difference at what angle—within limits, 
of course—a belt leaves a pulley so long as the belt guides toward 
that pulley squarely at an angle of 90 deg. and on the center line of 
the face. 

In practice, it is usually necessary to locate a pulley so that it 
delivers the belt square to the next pulley, and then turn the pulley in 
or out, up or down, without moving it from its location, until it will 
receive the belt fairly from the last pulley over which the belt has 
passed, This applies alike to open belts, crossed belts, quarter-turn 
belts and mule belts, as in the present instance. 

Taking advantage of this fact, it is possible to move the mule 
pulleys a little so that both may be placed upon a single shaft. Refer- 
ring again to Fig. 20, it will be noted that the mule shafts are parallel 
and only 2 ins. out of line. But it should not be forgotten that the 
shafts are 2 ins. out of line in another direction, for, if the eye be placed 
to the right, so as to look along the direction of shaft AB, then the 
upper mule pulley will be found 2 ins. out of alignment with the lower 
pulley, and to bring both the mule shafts into alignment, the lower 
one must be moved 2 ins. to the left, while the upper one must be 
moved 2 ins. directly from the observer, toward the pulley on shaft 
AB. 

The reason why pulleys can be moved thus, and still allow the belts 
upon them to run properly, is due to the characteristic explained 
above. ‘Take the case of the lower mule pulley: The belt, running in 
the direction of the arrow, leaves pulley B, Fig. 20, guided toward 
the lower mule pulley. Note what would happen were this pulley to 
be moved 2 ins. to the left. The belt as it left pulley B would be 
twisted slightly to the left but would still hit the mule pulley fairly. 
But as it is immaterial how a belt leaves a pulley, no harm is done in 
moving the lower mule pulley 2 ins. to the left. Its angle is not 
changed, therefore it receives the belt properly, and that is all that 
is necessary. 

Next, push the upper mule pulley horizontally backward 2 ins. 
This brings the two mule shafts in line as viewed from the right side, 
and causes the upper fold of the belt to twist a little as it leaves pulley 


C, but the angle of the upper mule pulley not having been disturbed, ~ 
it still receives the belt fairly from C, and still delivers the belt 
squarely toward pulley B. Therefore, both mule pulleys may be 
placed upon a single shaft by making the slight changes described. 
When the pulleys upon shafts B and C are of unequal diameters, 
it will be necessary to use separate mule shafts and to adjust the 
shaft of each mule pulley square to the line drawn from one pulley to 
the other, as in Fig. 19. Otherwise, there is no change in the method 
of locating the mule pulleys and obtaining the angles of their shafts. 
Should it be found necessary to run the belt at two different angles, 
instead of using the same angle from pulley C to pulley B, lay down 
both angles in Fig. 19, adjust the mule shaft to right and left to be 
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Fic. 21.—A triple drive in use eight years, 
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Fic. 22.—r7o h. p. transmitted by tandam drive. 


square with the line over face of pulleys from C to Z in Fig. 19, and 
then adjust the mule stand to and from the beholder, to be perpen- 
dicular to the belt line from E to B, Fig. 19. The lower mule shaft 
is to be adjusted in like manner, but to agree with the lower belt line 
in Fig. 19. Thus, when the pulleys are of unequal size, and the belts 
leave and reach pulleys C and B at unlike angles, there will be corre- 
spondingly different angles given to the mule shafts, to the right and 
left, and forward or backward. 

Tandem or riding belts, while frequently used as expedients are 


not usually looked upon with favor. There is, however, no good 
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reason for this, as such drives have continued in use for years and 
with entire satisfaction. They may be used with great freedom, 
either to divide the power from a shaft or motor or to add the power 
of two motors. Fig. 21, by Cuas. M. Youne (Amer. Mach., Apr. 1, 
1915), shows successful cases of the former and Fig. 22 of the latter 
kind. Power calculations need not differ from those applying to the 
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Fic. 23.—Combined tandem and right angle drive. 


usual arrangement, the calculations being naturally based on the 

pulleys carrying one belt. In the case of Fig. 22 the pulley sizes 

must be carefully determined to give the proper speeds to the motors 
and avoid overloading one of them. 


: Length of Belts 


The calculation of the length of a belt is occasionally necessary 
to meet cases where endless belts are to be carried over pulleys at 
considerable distances apart. Cart G. BArtH (Amer. Mach., Mar. 
12, 1903) gives the following formulas of increasing accuracy in the 
order given: 


par t92 ton t aC (a) 
D-+d 
oe Cre 20 (b) 
_(D+d)z 60 — 13% 
aca, Vs ba— bet © ©) 


in which L=length of belt (open) 
D=diameter of larger pulley 
d=diameter of smaller pulley 
C=center distance 


(? —d\? 
a oC ) 

All dimensions are to be taken in the same units—feet or inches 
as preferred. 


Mr. Barth has tested these formulas by applying them to the 
limiting case (beyond what is possible in practice) in which d=o 


D 
and C =? the correct value of L being Dz. Under this test, formula 


(a), which is identical with Rankine’s well-known formula, gives a 
result which is a little over 2 per cent. short, formula (0) a result 
which is about z per cent. short, and formula (c) a result which is less 
than four-tenths of 1 per cent. short. 

The length of a crossed belt is given by the exact formula 


ra verinso(e-o-) 


in which the notation is as before with the addition that 
paDtd 
2 


Steel Belts 


Steel belts have been used to a considerable extent in Germany 
and with apparent success, The joint construction, shown in Fig. 
24 (Amer. Mach., Dec. 24, 1908), consists of two steel plates, an under 
and an upper, between which the ends of the belts are joined. These 
plates taper from a thickened section at the center to comparatively 
thin edges. The ends of the outer locking pieces are prolonged. It 
was discovered that when these extensions were not provided the 


belt would break near the inner pieces just after leaving the pulley, 
probably owing to the rapid straightening of the belt after its rapid 
motion over the pulley. In the size illustrated, the upper plate is 
made with a series of holes in order to lighten it. Both of these 
plates are shaped to a circular arc, whose radius is equal to the radius 
of the smallest pulley on which the joint is to be used. Thus, for a 
given joint there is a minimum limiting diameter of pulley on which 
it can run, but no similar maximum limiting diameter; for a given 
joint can be used on pulleys of any diameter larger than the one to 
which the plates are particularly fitted. 

The belt itself is made of a uniform quality of steel of an even 
thickness and is tempered. The ends are carefully brought together, 
fitted and soldered with a special solder that flows at a comparatively 
low temperature to avoid drawing the temper of the belt. This 
joining is then placed between the two plates already described, 
and these plates are fastened together by means of screws, as shown 
in the illustration. 

A number of interesting claims are made for these belts. Three 
of the most striking are: The small amount of slipping of the belt on 
the pulley, given in figures as less than 7 of 1 per cent., the narrow 
width of the belt compared with leather belts, the proportion being 
about as 1 to 5, and the great speed at which these belts can be run, 
given as 100 m. per sec., or say 19,000 ft. per min. This latter 
figure is striking when compared with the limiting factor, usually 
given for leather belting as 4000 ft. per min. It is very common to 
run these steel belts at a speed of 50 m. per sec., or say, roughly, 
10,000 ft. per min. They have been used for driving belts in machine 


Fic. 24.—German steel belt joint. 


shops and other manufacturing establishments, installations of 250 
h.p. having been made. Table 5 gives some comparative data be- 
tween a rope drive, a leather-belt drive, and steel-belt drive for roo 
h.p., transmitted by pulleys ro m. apart at a speed of 200 r._p.m. and 
adiameterofrm. The metric measurements are not translated into 
English measurements because the table is of comparative interest 
only. 


TABLE 5.—COMPARISON OF Ropr, LEATHER-BELT AND STEEL- 
BELT DRIVES 


| - 
pi Anes, / Rica Cakes Leather-belt . Steel-belt 
. drive drive 
Breadth of belt space..../ 6 ropes 500 mm. 100 mm. 
45 mm. in diameter 

Breadth of pulley....... 380 mm. 500 mm. Ir0 mm. 
Weight of pulley........ 1000 kg. 520 keg. 270 kg. 
Weight of rope or belt... 240 kg. 140 kg. 13 kg. 
Total weight of drive.... 1240 keg. 660 ke. 283 keg. 
Cost of pulleys.......... 720 marks 400 marks 250 marks 
Cost of ropes or belts.... 600 marks 1300 marks 750 marks 
TOtel COBRA SAAR ANRC 1340 marks 1700 marks | rooo marks 
Power lost in per cent... 13% 6% 5% 
Power lost in horse-power 13 h.p. 6 h.p. -Shp. 


More recent information regarding several successful German 
installations of steel belts is given by R. K. CRONKHITE (Amer. 
Mach., Nov, 21, 1912), the final conclusions being that: 

Steel belts from half to one-third, and in some cases one-quarter, 
the width of leather belts will do the same work as the leather belt 
without trouble. 
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Steel belts do not stretch or slip after being placed on the pulleys, 
and are not affected by variations in. temperature to any perceptible 
exten‘, which makes them very reliable for use in damp places, such 
as laundries. They are especially adapted for use in paint and varnish 
works, as the accumulations of paint and other sticky substances can 
be washed off with gasoline andthe belt kept in good condition. 
Being narrower than leather or other types of belting, they require 
pulleys of narrower face, which is an item in the equipment of a new 
plant or the installation of new drives in any factory. 

From the investigations made, it can be said that their first cost is 
considerably below that of leather or rubber belting. 

_ The experiments have demonstrated that steel belts are more sensi- 
tive than other types and that the shafts and pulleys on which they 
run must be in line and level or the belt will invariably run to the low 
side of the pulley, out of line, and will run off if the pulley is too much 
out of line. The use of canvas on the face of the pulleys is of decided 
_ advantage in connection with steel belting, as it forms a bed or cush- 
ion for the belt to run on, and at the same time greatly increases the 
pulling power of the belt. A special rubber covering, suggested by 
experiments, has proved satisfactory. 

In replacing a leather belt with a steel belt where the pulleys are 
crown faced, it is necessary to build the crown up to a flat face, as 
steel belts will not run on crown-faced pulleys. They will, of course, 
run on plain uncovered iron or steel, as well as on wood pulleys, but 
the use of the canvas or rubber covering is so beneficial that it seems 
almost necessary to good service. 

The following particulars regarding the practice of the Eloesser 
Steel Driving Belt Co., Ltd. of Manchester, England, are supplied by 
I. W. Couss (Amer. Mach., May 14, 1914). 

At present the system is not regarded as suitable for comparatively 
small belts, as the cost of fitting and installation may considerably 
outbalance the mere material cost. In particular the length of belt 
has to be determined with considerable accuracy. For this purpose 
a small steel band of known section is mounted on the pulleys, driver 
and driven, and a tension frame is fitted to the ends of this measuring 
band. Using a calibrated nut and spring, the two ends of the frame 
are drawn together until the tension, as shown by a scale, is equal 
to that desired in the belt when running. One of the pulleys is then 
slowly rotated without driving the belt, the friction changing the 
tension indicated, while next the other pulley is rotated in the reverse 
direction, thus again changing the tension, and the mean of the two 
should correspond to the desired working tension. The band can 
then be cut to the exact length with ends meeting, and when removed 
from the tension apparatus will act as a template to the length of 
the driving belt itself. 

The material is stated to be charcoal steel, rough rolled at a red 
heat and then brought to from 2 mm. (.078 in.) to 9 mm. (.35 in.) 
thick by 12 mm. (.47 in.) to 200 mm. (7.87 in.) wide by cold working, 
the tensile strength claimed being about 212,800 lbs. to the sq. in. 

The sharp edge of the material is removed. The pulley should 
preferably be flat, any crowning not exceeding in height }4 per cent. 
of the width of the steel belt. The rim of the pulley is covered with 
canvas and cork glued on in one length, a special cement being em- 
ployed for damp situations; the rim is first roughened by file or chisel 
cuts to avoid stripping. Above this covering a slight crown of cork, 
say 14 in. high, is glued, and with this the coefficient of friction be- 
tween belt and pulley is said to be equivalent to that between a 
leather belt and an iron pulley. If necessary, two or more belts are 
run in parallel, the ratio of width of belt to thickness being kept as 
high as possible. 

For jointing the belts steel plates are employed, milled to about 
the curvature of the pulleys, the belt ends being clamped and the 
belt itself brought by screws to the required tension, the ends being 
then threaded between the plates, which are secured by counter- 
sunk screws. The ends are, however, tinned first and solder is 
finally run into the joint by means of a blow lamp. A minimum 
efficiency of 99 per cent. is guaranteed and as the steel belt is about 


one-third the width of an ordinary leather belt, the pulleys may be 
narrower to that extent and consequently lighter. A steel belt, 
however, is not regarded as suitable for fast and loose pulleys, and 
where crossed belts are employed, the distance between the crossing 
point and either shaft must not be less than 70 times the width of 
the steel belt. For ordinary drives the pulleys may almost touch. 
Rope drives have been converted by filling the grooves with wood 
blocks. A cheaper method, however, is to cut a groove across the 
face of the pulley, into which is fitted a plate; to this is fastened a 
steel band shrunk round the pulley rim. It is stated that transmis- 
sions of more than 150,000 h.p. have been thus converted. 
Individual drives in use on this system range from ro h.p. to 
3650 h.p., and some have been running for six years without showing 
stretch. In one case three belts are employed in connection with a 
rolling mill where the power varies from 600 to 1200 h.p. in a second. 
In another case, in England, a couple of steel belts are employed for 
transmitting 450 h.p., showing a saving in power, as compared with 
the previous rope drive of 13 per cent. As to Germany, where 
Eloesser belts totaling some 200,000 h.p. are installed, in one case 
they displaced ropes transmitting 1650 h.p. from a single drum, 
while in another case 3660 h.p. was transmitted from one drum. 


Belt Shippers 


An improved belt shipper, which completely overcomes the common 
nuisance of the belt refusing to remain where put, is shown in Fig. 25. 
The difficulty is due to the weight of the shipper pole, which tends to 
bring the pole to the vertical position, with the belt half on each pul- 
ley. In this position the machine will not stand still if it has no work 
to do, and it will not drive if it has work to do. The arrangement 
shown gets rid of this effect of the gravity of the pole, with the result 
that the belt stays on either tight or loose pulley as desired. 

The sketch represents a shifter made of wood, the improvement 
consisting in having the pole play between pegs ab on the fork bar. 
The fork is shown in position to guide the belt to the loose pulley. 
The pole hangs in a vertical position against peg a. If the belt is to 
be shifted, the pole is pushed to the left as usual, and with the usual 
result, except that after the pole is dropped by the hand, it swings 
back by gravity to the vertical position again. The previous move- 
ment of the fork bar will, however, have moved the pegs to the posi- 


Fic. 25.—Improved belt shipper. 


tions a’b’, so that the pole will then be in contact with peg 6 in its new 
position b’, ready to push the bar in the opposite direction whenever 
wanted, after which the pole will again return to the vertical position. 
The belt fork always stays where left, and, the pulleys being crowned, 
the belt also stays where put. The same result may be obtained by 
increasing the space between the forks—making this space span both 
pulleys instead of one, as usual. 
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Pulleys 


The dimensions of cast-iron pulleys may be obtained from the fol- 
lowing formulas and tables by J. W. Ser (Amer. Mach., July 23, 1881). 


B=A X.0625-4.5. 
C=A X.04-+.3125. 
DA o254=.2: 
E=AX.016+.125. 


in which A =diameter of pulley, 
B=width of arms at center of pulley, 
C=width of arms at circumference of pulley, 
D=thickness of arms at center of pulley, 
E=thickness of arms at circumference of pulley. 


All dimensions in inches. Change decimal results to the nearest 
sixteenths. 

Mr. See also supplies Table 6 of pulley dimensions, and the fol- 
lowing instructions: 

The pattern spiders should be of iron, parted, dowelled, the ends 
of the arms turned to size in the lathe, and the shallow recess H 
turned in the hub seat. The rims may be iron or wood, as policy 
suggests. The drawing shows how to shape straight and curved 
arms. The table gives dimension of arms where they would cross 
the rim and cross the center. The hub seat H is of such size as to 
receive quite a range of standard hub patterns, and make a nice, 
smooth job without sharp corners. The ends of the arms may be 
drilled to receive screws put through edge of rim to hold strings to- 
gether, if parted rim pattern is used. Some will prefer a single 
narrow rim to be drawn for any width. Some shops follow the 
vicious plan of casting all pulleys the full width of, say, a 9-in. pattern, 
and then cutting to width in the lathe, using a special or drawing 
pattern for wider rims, 

The Rims——Columns FG show the thickness at center and edge 
in the rough. The crown will be right for all widths. Pattern 
should be large enough to let casting finish to exact size—a matter 
very often neglected. All pulleys for general work should be 3 in. 
wider than belt. A good pulley trade calls for iron rim patterns of 
sundry widths to change on loose spider. 

The Spider—The table gives size of arms at rim and center cross- 
ing, the diameter of the center web, radius of the fillets, and diameter 
of the hub seat H, which is $ in. deep in all cases. The table makes 
the hub seat large enough to receive good-sized hubs, and still look 
right with small ones. 

To Draw Curved Arms.—Draw full size the diameter A; step off 
six points, a b c d ef; at each of these points strike circles C, of size 
given in table column C; strike circles at pulley center, sizes from 
columns B and I in table; with c for a center strike arcs and i, the 
radius being to each side of circle B; midway between these arcs and 
the points 7 and & locate points / and m; with k for center and cl for 
radius strike arc ; with j as center and mc as radius strike arc 0; 
with kn for radius sweep inside of arm touching circle B, center being 
somewhere on arc 2; with jo for radius sweep outside of arm, touching 
circle B, center being somewhere on arc o. 

For Straight Arms.—Draw lines touching circles B and C. Draw 
fillets p, touching edges of arms, and circle J. With one-half 
of J, minus F for radius, cut off the arms. Radius of q equals 
one-half of C. 

The edge view, or section of arms, as in Fig. 27, is made by circles 
E E and D from table, and side lines touching these circles. Radius 
of y equals H. Make these fillets nice, and thus avoid all sharp 
internal angles. 

Section of Arm, Fig. 29.—Draw circles r and s, representing width 
and thickness of arm; make ¢ u equal to v w; with w v for radius and 
u as center, draw sides of arm; put in circle x, touching the sides and 
the circle r. The fillet » should have half circle section and present 
pure blended surface. 


The Hub Pattern, Fig. 30.—The intention is to have the hub patterns 
fit all pulley patterns within reason. Table gives diameter and 
lengths. The flanges should fit easily in the hub seats in the spider 
patterns. Radius of y is % in. in all cases. Fillet is quarter circle. 
Hub patterns should be of wood. Core prints should be turned on 
the pattern solid. The prints are one size on all hubs. Make full 
set of straight core boxes 1 ft. long, and have in each two sliding 
ends to give shape of prints. By this means but few core boxes are 
needed, and the hubs and cores will interchange nicely for all common 
work. ‘Taper both prints if desired. 

The above formulas and tables make no distinction between 
pulleys for single and double belts. For double-belt pulleys the 
author suggests the formulas: 


C =AX.05-4--75; 
E =3%C, 
F and G3 more than for single-belt pulleys. 


The only suitable number of arms in a pulley, wheel or gear 
which is to be chucked by the arms is a multiple of 3, as such numbers 
permit strapping at three points without distortion. 

The above formulas and table are suitable for all ordinary cases 
of stock pulleys. For special cases and extra large pulleys, Fig. 
31 by S. E. FreEMAN (Amer. Mach., Dec. 3, 1896), which gives the 
practice of the Todd and Stanley Mill Furnishing Co. may be used. 
As will be seen, it is adapted for use in laying out rope sheaves as 
well as belt pulleys. 

To use the chart, substitute the given dimensions in the proper 
formula; find the value of the quantity under the cube root sign. 
Find this same quantity on the base line and trace upward to the 
various lines where read the required dimensions. Examples will be 
found below the chart. 

For the design of hollow pulley arms from their solid equivalents, 
see Arms of Spur Gears. 

The static strength of belt pulleys formed the subject of experiments 
by Pror. C. H. Benjamin (Amer. Mach., Sepi. 22, 1898). The 
general conclusions arrived at are as follows: 

1. That the bending moments on pulley arms are not evenly 
distributed by the rim, but are greatest on the arm near the tight side 
of belt. 

2. That there are bending moments at both ends of the arm, 
that at the hub being much the greater, the ratio depending on the 
relative stiffness of rim and arms. An increase of the width of rim 
will undoubtedly help the arms. 

The rules deduced from the experiments for the rational design 
of cast-iron pulleys are as follows: 

1. Multiply the net pull of belt by a suitable factor of safety and 
by the length of arm ininches. Divide this product by one-half the 
number of arms and use the quotient fora bending moment. Design 
the hub end of arm by the usual rules to resist this moment. 

2. Make the rim ends of arms one-half as strong as the hub 
ends. 

The surplus of pulley face over belt width may be obtained from 
Fig. 32, by Cart G. Barta (Amer. Mach., Feb. 11, 1915) of which 
the lower line gives no surplus and is introduced for purposes of com- 
parison. The middle line gives about the surplus usually pro- 
vided, while the upper line gives the larger surplus which Mr. BARTH 
uses and finds advantageous. The use of the chart is self-explanatory. 

The appropriate height of crown for belt pulleys according to Mr. 
Barta is given in Fig. 33. More usual proportions are given in 
Fig. 34. 

Parting split pulleys half-way between the arms, Fig. 35, is a source of 
danger at high speed, as has been demonstrated by the experiments of 
PROFESSOR BENJAMIN (see Bursting Strength of Fly-wheels). This 
location of the joint is even worse in pulleys than in fly-wheels becau-e 
the thinness of the rim provides less strength to resist the centrifugal 
bending stress. The construction shown is particularly bad because 
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cube root sign for single belt pulleys gives 
Again for a rope sheave 8 ft. diameter having 6 arms and for 8, 13 in. ropes: substitute as before in the proper formula and obtain 


. 
Kind of Wheel 


h = Width of Arm at Center of Hub, Ins, — 
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Formula for : 6 
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x6 


RS Le 24. Locate 24 on the bare line, trace upward and read h= 31, b=13, h’= 2}, and 5’ =}, all in ids. 


7X125*X 8X96 _ 


Number under the Cube Root Sign 
To find the dimensions of the arms of a 48 in. single belt pulley having 6 arms and fora 12 in. belt: substituting these factors in the quantity under the 


Locate 140 on the bare line, trace upward and read h= 53, h’=38, b= 235 and b’=1 ins. 
Fic. 31.—Dimensions of arms of belt pulleys and rope sheaves. 
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Fic. 32.—Surplus of pulley face over belt width. 
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Fic. 33.—Height of crown of belt pulleys. 
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collar F, which is taper-pinned to the shaft prevents end-play. This 
design is bad, as the bush E wears bell-mouthed at the-pulley end and 
the bending effect on the shaft due to the pull of the belt on the pulley 
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Fics. 35 and 36.—Correct and in- 
correct parting of split pulleys. 


Fic. 34.—Crowning for belt 
pulleys. 


increases as the wear on the bush increases. This gives combined 
bending and torsion on the shaft in transmitting the drive. 
In the improved design, Fig. 38, these difficulties are overcome. 
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Pic. 37- Fic. 38. 


Fics, 37 and 38.—Correct and incorrect design of overhung pulleys, 
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The bush is prolonged and the pulley runs upon its periphery. The 
drive is transmitted through the collar G, which is secured to the 
pulley, and also taper-pinned to the shaft. The collar F is the 
; same as in Fig. 37. Thus the shaft is sub- 
ject to torsion alone, or practically so. 
The correct arrangement of tight and loose 
pulleys is shown in Fig. 39, by PROFESSOR 
Sweet (Amer. Mach., Jan. 12, 1905), the 
hub of the tight pulley being shortened and 
that of the loose pulley lengthened at both 
ends to make it central with the pulley 
face. Fig. 40 sacrifices length of bearing 
where it is most needed, and Fig. 41 is cer- 
tain to wear bell-mouthed. The chambered 
LG IIS construction, Fig. 42 is appropriate on tight 
fy Fis. IT pulleys only. 
pe il A superior construction of counter-shaft 
SSS pulleys by Cart G. Bartu (Amer. Mach., 
Feb. 18, 1915) together with standardized 
fF ic. dimensions is shown in Fig. 43 and the ace 
42. companying table. The loose pulley is 
Fics. 39 to 42.—Cor- smaller than the tight pulley in order to re- 
rect and in correct ar- jieve the tension on the belt when it is doing 
Pee willeys. eee no work, a beveled edge being provided to 
s assist the shipping of the belt. The surplus 
of pulley width over the belt width is greater than is customary. A 
stationary sleeve or quill of cast iron is provided asa bearing for the 
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loose pulley. The effect of this is to confine the wear to Re side 
of the bush which continues to fit the hole regardless of wear, which, 
however} is almost negligible. A grease cup feeds into an annular 
chamber around the shaft, from which three grooves run the length 
of the sleeve inside and passages connect with three similar grooves 
outside to feed the surfaces where the shaft and loose pulley run. 

When arranged as usual, loose pulleys are much more effectively 
lubricated with grease than with oil, the former remaining in place 
much better than the latter. For small pulleys, the grease cup may 
be tapped into the end of the shaft—a suitable hole lengthwise the 
shaft and another crosswise within the pulley hub carrying the grease 
to the bearing. 
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Fic. 43.—Dimensions of tight and loose pulleys. 


Size of Sizes relative to shaft, Width Sizes relative to belt, 
shaft, ins. of belt, ins. 
ins. ins. 
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F=1%6B+36 in. 
+144 ine L=F+2G. H=4oF 34. 
\6B+346 in. 


G=E+!1%6=Y%6B 
E= 


A self-oiling loose pulley is shown in Fig. 44 by H. J. WHITE 
(Amer. Mach., June 22,1905). The bushing is of hard composi- 
tion and the oil holes are plugged with hard felt or rattan. Mr. 
White says that with $ pt. of oil in the oil space these pulleys will run 
three months without attention. 

The bursting strength of pulleys of various materials and construc- 
tions formed the subject of experimental tests by Pror. C. H. 
BENJAMIN (Journal A. S.M.E., June, 1910) similar to those on fly- 
wheels (see Bursting Strength of Fly-wheels). The results are given 
in Table 7. The cast-iron pulleys Nos. 11 and 12 were not fractured. 
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FIG. 44.—Self-oiling loose pulley. 


F. P. Reap (Power, Apr. 22, 1913) reports the repeated failure, 


Re at a rim speed of 5937 ft. per min., of 84 X12 ins. cast-iron split pulleys 
of the usual type with lugs and bolts half-way between the arms. 


No. Kind of 
‘material | 
test} in 
pulleys | 


of 


~ wood 


ee ; 
TABLE 7.- 
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wood 
wood 
wood 
wood 


wood 
wood 
wood 
wood 
wood 


cast-iron | 
cast-iron 
paper 
paper 
steel 


steel 


2 sections| 24 | 6 
2 sections} 24 | 6. 
6 


2 


2 


solid “| 
solid 


sections} 24 


sections) 24 | 6.5 
sections} 24 | 6.5 
sections] 24 | 6.5 
sections| 24 | 6.5 
sections} 24 | 6.5 


solid | 24 | 6.0 
solid 24| 6.0 
solid 24 | 6.0 
solid 24 | 6.0 
sections} 24 | 6.75 


0.0625] 41.75 


sections] 24 | 6.75 |o.0625| 41.75 
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<a FLY-WHEELS 
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Radius, Ins, 


To find the rim tension in a cast iron wheel 40 ins. radius running 350 r.p.m.: Find 40 0n the base line and 350 on the vertical scale ; 
trace to their intersection and read 1450 lbs. per sq. in., rim tension. For a wheel of 400 ins. radius read as for-4o (that is, 4°) and 
multiply the stress by 100, and so for 4 ins. radius read as for 40 (that is, 4 10) and divide the stress read by roo. 


Fic. ta.—Centrifugal tension in cast iron fly wheels. 


Stresses in Fly-wheels 


The stress in a ring revolving about an axis passing through its center 
due to centrifugal force is similar to that in a boiler shell due to inter- 
nal pressure and is given, for any material, by the formula: 

we? 
iS SS ess 
2.68 
in which S =stress on section, lbs. per sq. in. 


w= weight of material, lbs. per cu. in. 
v= velocity of center of gravity of rim, ft. per sec. 


(a) 
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For cast-iron having w=.26 this becomes: 


S=.0970? (b) 
For steel having w=.28 it becomes: 
=. fod se (co 


For both iron and steel it becomes, with sufficient accuracy for fly- 
wheel calculations: 


v 


(d) 


Tite 


To find the total stress on the section for the calculation of the 


68 


dimensions of link and other joints, multiply the stress per sq. in. by 
the area of the section in sq. ins. 

The rim tension may be obtained without calculation from Fig. 1 
by P. Mutter (Amer. Mach., Nov. 28, 1901). The diagram for steel 
will also serve for wrought iron, which has practically the same 
specific gravity. The use of the charts is shown by an example 


below them. 
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V=443Ve 

Before the experiments of PRor. C. H. Benjamin (summar-_ 
ized below) were published, the value of unity would have been sub- 

stituted in formula (f) for the efficiency of construction of a wheel 

cast in one piece. Those experiments show this procedure to be 

incorrect, such wheels giving way at velocities materially below those 

to be expected from the tensile strength of the material—the efficiency 
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To find the rim tension in a steel wheel 4o ins. radius running 350 r.p.m.: Find 40 on the base line and 350 on the vertical 
scale; trace to their intersection and read 1558 lbs. per sq. in., rim tension. For a wheel of 400 ins. radius read as for 40 (that 


400 


is 49°) and multiply the stress by 100, and so for 4 ins. radius read as for 40 (thatis, 4 X 10) and divide the stress read by 100. 


Fic. 1b.—Centrifugal tension in steel fly wheels. 


The velocity of the rim at which bursting may be expected is given, for 
any material, by the formula: 


V=r64,/! 
w 


in which V = bursting velocity of rim, ft. per sec. 
= tensile strength of material, lbs. per sq. in. 
w= weight of material, lbs. per cu. in. 
e = efficiency of construction, for values of which see Table r. 
For cast-iron, taking 19,000 lbs. per sq. in. as the tensile strength and 
.26 lb. per cu. in. as the weight, this becomes: 


(e) 


of the construction being .85. Had deeper rim sections been used 
in the experiments, a larger value would probably have been found. 
The efficiencies to be substituted for other constructions are given in 
Table 1. 

For steel, taking 60,000 Ibs. per sq. in. as the tensile strength and 
.28 lbs. per cu. in. as the weight, the formula becomes: 


V=757Ve (g) 


No experiments have been made on steel wheels to determine 
their actual efficiencies of construction. 
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The most essential fact disclosed by these formulas is that the stress 
increases with the square of the speed, doubling the speed multiply- 
ing the stress by four and neutralizing a factor of safety of four based 
on the siress. Much greater increases of stress are therefore pos- 
sible with fly-wheels than with steam boilers, and fly-wheels are 
correspondingly more dangerous than boilers. The Fidelity and Casu- 
alty Company, which insures both boilers and fly-wheels, finds the 
hazard on fly-wheels materially to exceed that on boilers. 

These formulas should be used with caution when designing fly-wheels, 
as they are now known to have much less direct application than was 
formerly supposed. The condition of simple tension assumed, 
while true for an ideal revolving ring without arms, is seriously modi- 
fied by the action of the arms of actual wheels in restraining the free 
expansion of the rim. Because of this restraint, each rim section 
between adjacent arms is in the condition of a beam under a uniformly 
distributed load, the load being the centrifugal force of the material 
of the section and the stress due to this beam action is added to the 
simple tension stress, the resulting stress being always greater than 
that given by the above formulas. 


Fic. 2.—Method of failure of fly-wheels with flanged joints. 


The beam action is especially serious in the case of built-up wheels 
with joints located, as usual, half-way between the arms. A joint 
in this position is equivalent to a joint in the middle of a beam and 
not to a simple splice in a tension member. 

The beam action may be reduced by increasing the number of arms. 
Such increase reduces both the weight and length of the segments 
and the fiber stress due to the beam action—not the total fiber stress 
—is, hence, other things being equal, inversely as the square of the 
number of arms. 

Attention was first called to this beam action by J. B. Stranwoop 
(Trans. A. S. M. E., Vol. 14) and the truth of his analysis has been 
experimentally proven by PRoressor BENJAMIN (Trans. A. S. M.E., 
Vols. 20 and 23), who tested model fly-wheels to destruction by 
revolving them in a bomb-proof casing at increasing speeds until 
they gave way. Fig. 2, from a photograph of an actual case, shows 
the manner of failure of the common flanged and bolted joint located 
midway between the arms, and demonstrates not only the reality of 
this beam action but its preponderating importance in wheels of this 
construction. 

It is to be especially noted that, in repeated instances, wheels with 
this type of joint gave way through the solid rim and without failure 
of the bolts, as shown in Fig. 2, although the strength of the bolts 
was less than one-third that of the rim section, showing that the 
strength of this joint, as calculated in the usual way from the strength 
of the bolts, has nothing to do with the effective strength of the wheel. 

The results of these experiments have been corroborated by the experi- 
ence of the fly-wheel insurance department of the Fidelity and Casualty 
Company which has had several cases of failure of band fly-wheels 
with joints of the type shown in Fig. 2, in which the joint section 
went bodily out of the wheel and, in two cases, without affecting the 
remainder of the wheel or even bringing it to a stop. 

The beam action becomes an increasing factor as the radial dimen- 
sion of the rim decreases and is at its maximum in thin-rim belt 
pulleys. : 

Wheels having joints at the points of contrary flexure, that is, at one- 
fourth the distance from one arm to the next, have been repeatedly 
proposed as better adapted to meet the conditions of the beam action 
than those placed midway between the arms. Such wheels were 
tested by Professor Benjamin and found not to be appreciably 
stronger than those of the midway joint construction. 


Professor Benjamin’s experiments are summarized in Table 1, 
The figures of the table are the averages of the experimental results, 
the number of wheels of each type tested ranging from two to four, 
except in the case of column 5 of which construction but one was 
tested. 

Regarding the wheel in column 3, Professor Benjamin considers 
that “‘if the tie rods had been more carefully designed and constructed, 
a greater speed could have been attained.” 

For similar tests of belt pulleys see Bursting Strength of Belt 
Pulleys. 

W. H. Boehm, superintendent of the boiler and fly-wheel insurance 
departments of the Fidelity and Casualty Company, has calculated 
the very useful Table 2 of safe speeds of cast-iron wheels of various 
types. ‘The table is figured for a margin of safety, based on speed, of 
approximately three or a factor of safety, based on the stress, of nine. 
The table assumes the solid wheel to have an efficiency of construction 
of unity, which is not borne out by Professor Benjamin’s tests and 
the table doubtless slightly overestimates the strength of the wheels. 
The Fidelity and Casualty Company accepts for insurance wheels 
having a factor of safety on stress of five, equivalent to a margin of 
safety on speed of 2.24. The company frequently insists on the 
addition of tie rods, Table 1, column 3, to wheels with bolted flange 
joints. 

The fly-wheel cast in one piece is subject to uncertain initial strains 
due to shrinkage, but it is, nevertheless, by far the best of all common 
constructions. This is shown by Professor Benjamin’s experiments 
and is, moreover, shown by common experience in which the failure 
of such wheels is the rarest of accidents. 


Construction of Fly-wheels 


In the design of wheels cast in one piece, the uncertainty of the shrink- 
age strains makes calculations regarding the strength of the arms of 
more than doubtful value. The author’s empirical formulas for the 
arms of such wheels (Amer. Mach., April 23, 1896) have been used 
in the design of wheels from 33 ins. to 8 ft. diameter, and have been 
compared with wheels up to 20 ft. diameter with very satisfactory 
results. The formulas contain a factor for the diameter and another 
for the cross-section of the rim together with the usual constant. 
The author prefers a rectangular section having its greatest dimension 
radial, as it best resists the beam action, but the formulas provide 
for other sections by considering all sections of the same area as equiv- 
alents and taking the side of a square equal in area to the section 
as the base of the factor for the section. 

Referring to Fig. 3 for the notation, the formulas for the arm 
section at the outer end are: 


w= in. +.04d+.153¢ 
y= Re 

all dimensions being in inches. The author’s preference regarding 
the dimensions a and 6 is to make b= 3a. 

The taper of the arms each side the center line should be from 
1 to 2 in. per ft. in the side view and § to 3g in. per ft. in the edge 
view, depending on the size of the hub. The arm section is preferably 
that made by two circular arcs rounded over at the edges, as shown 
in Fig. 2, such section having a much more pleasing appearance 
than the more usual ellipse. ‘The arms are usually six in number, 
but the same formulas may be used for a greater number of arms. 

For many cases in which a fly-wheel is desired but without definite 
requirements to permit calculations of the section for weight, satis- 
factory wheels will be obtained by making 

c=1 in.+.08d 

A superior fly-wheel by the Mesta Machine Company is shown in 
Fig. 4 (Amer. Mach., July 20, 1911). This wheel, which is of 17 ft. 
diameter, was designed for a rim speed of 10,000 ft. per min, The 
material is air-furnace iron having a tensile strength of 30,000 lbs. 
per sq. in. The wheel was divided as shown in order to reduce the 
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spongy center of large sections, and the rim section is deep to reduce 
the beam.action. The arms were cast with the rims but free at the 
hub ends, the hub being a separate casting of steel. Long sweeping 
curves connect the arms with the rim and hub ends. Complete cal- 
culations were made for the stresses at various sections, the extreme 
values being, for the arm section 3000, and for the rim section 2410 
Ibs. per sq. in. 

Another superior fly-wheel (patented by G. M. Hinkley) is shown in 
Fig. 5 (Amer. Mach., May 17,1900). Itis used by the Allis Chalmers 
Company in their band-saw mills in which the rim speeds are regu- 


larly 10,000 ft. per min.—a figure that has, in some instances, been 
At the date of publication about 300 of these ~ 


run up to 12,000 ft. 
wheels had been made, none of which had failed. The aim of the 
construction is to enable the wheel to relieve itself of shrinkage 
strains in cooling. The arms are arranged diagonally and pass from 
one side of the wheel rim to the opposite end of the hub, alternate 
arms being staggered with one another. As first cast, the hub is in 
two pieces, the central portion marked a being vacant. After the 
wheel has become entirely cold, this space is filled by pouring in mol- 
teniron. As poured, the ends of the hub are separated bya core # in 


TABLE 1.—SUMMARY OF PROFESSOR BENJAMIN’S EXPERIMENTS ON THE STRENGTH OF FLY-WHEELS 


~ 


I 2 3 4 5 6 | 7 8 
Solid wheel, | Wheel in Wheel in Wheel in Segmental Rim in Solid rim Solid rim 
6 arms halves, flange| halves, rein- | halves, link | wheel, link halves, with separate with 24 tan- 
joint, 6 arms| forced joint, | joint, 6 arms} joint, 8 seg- | pad joint, spider, gent spokes 
6 arms ments 6 arms 6 arms 
Rigs Papecd | feet per 395 194 225 305 | 256 223 393 424 
second 
Pam failure ) feet per 23,700 11,640 I3,500 18,300 15,360 13,380 23,580 25,44C¢ 
f minute 
Apparent tim tension at 15,625 3,764 5,062 9,302 6,502 4,073 15.445 17,978 
failure., lbs. per sq. in. 
by formula (d) 
. . : 
Comparative rim speeds 100 49 57 77 és | 563 100 107 
at failure | 
Comparative rim tensions 100 24 2 | | 
B32 60 42 2 
at failure j : ) sid ¥- 
Efficiency of construction, 85 19 263 : 
: Z . . 205 49 es 26 . 8 ’ 
ein formulas (e) and (f), | F 3 
assuming 19,000 lbs. per ) ) ) 
sq. in. tensile strength of ) 
cast-iron 


Fic. 3.—Arms cf fly-wheels cast 
in one piece. 
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Fic. 4.—The Mesta fly-wheel. 
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TABLE 2.—SAFE SPEEDS oF CAST-IRON FLY-WHEELS. Marcin 
OF SAFETY ON SPEED APPROXIMATELY THREE. FIGURES FOR 
Pap JoInT Do Nor SEEM TO BE JUSTIFIED By PROFESSOR 
BENJAMIN’S EXPERIMENTS 


Type of wheels and maximum obtainable efficiency of rim-joint 
Pad joint 


No joint 
I.00 


Flange joint Link joint 


Diam. in 


Rev. per Rev. per Rev. per Rev. per 
feet min. min. min min. 
I IQIo 055 I350 1480 
2 955 478 675 740 
3 637 318 450 493 
4 478 239 338 370 
5 382 IQL 270 296 
6 318 159 225 247 
7 273 136 193 212 
8 239 IQ 169 185 
9 212 106 150 164 
Io IgI 06 135 148 
It 174 87 123 135 
12 I59 80 113 124 
13 147 73 ee Edt 
I4 136 68 96 106 
15 128 64 go 99 
16 I20 60 84 92 
17 Ir2 56 79 87 
18 106 53 75 82 
19 100 50 71 78 
20 95 48 68 74 
2I [op 46 65 79 
22 87 44 62 67 
23 84 42 59 64 
24 80 40 56 62 
25 76 38 54 59 
26 74 37 52 57 
27 71 35 5° 55 
28 68 34 48 53 
20 66 33 47 st 
30 64 32 45 49 


If the revolutions given in the table be increased 20 per cent. the 
margin of safety on speed will be reduced to two and one-half; if the 
revolutions be increased 50 per cent. the margin of safety will be 
reduced to two. 


thick, but the shrinkage of the rim compresses the arms and increases 
this space to about 13 ins. After pouring the central portion, the 
ends are fastened together with bolts having the ends riveted over. 

These wheels are made of 8, 9 and ro ft. diameter, the 8-ft. wheels 
having weights ranging between 5000 and 8000 lbs., the 9-ft. wheels 
between 6000 and 10,000 lbs., and the 10-ft. wheels between 10,000 
and 12,000 lbs. 

Another superior high-speed wheel by E. S. Newron (Amer, Mach., 
June 21, 1900) used without failure in band saw mills at speeds of 
10,000 ft. per min., is shown in Fig. 6. Wheels of 8 ft. diameter weigh 
about 6000 lbs. They have cast-iron rims and hubs with 16 wrought- 
iron, not steel, arms 13 ins.square. These arms are upset at each end 
and carefully tinned as far as they enter the cast-iron. They are also 
staggered. The rim is poured one day and the hub the next. The 
figure shows a wheel of 5 ft. diameter. 


Unusually large high-speed wheels have been called for in the con- 
struction of electric power-houses. Fig. 7 shows such a wheel by the 
Allis Chalmers Company, located in one of the power-houses of New . 
York City (Amer. Mach., May 24, 1900). 

Except in its hub, the wheel is of steel throughout. The arms are 
hollow. The most striking feature lies in the reinforcing plates 
which are riveted to the sides of the rim casting. There are eight of 
these on each side, and the arrangement of the rivets will be seen to 
be such that the plates break joints with one another in such manner 
that there are fourteen effective plates in the weakest sections. The 
estimated weight of this wheel is 310,000 lbs. 

While this wheel has the joints half way between the arms the num- 
ber of arms is such as to greatly reduce the beam action. 


Rim tension at 10,000 ft. per min., rim velocity by formula (d) 
2777 lbs. per sq. in., no failures. 


Fic. 5.—The Allis-Chalmers band saw mill fly-wheel. 
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Rim tension at 10,000 ft. per min., rim velocity by formula (d) 
2777 lbs. per sq. in., no failures. 


Fic. 6.—The Newton band saw mill fly-wheel. 


A wheel for a rim speed of 15,000 ft. per min. is shown in Fig. 8 
(Amer. Mach., Jan. 27,1913). The wheel is in use at the mills of the 
Illinois Steel Company at South Chicago and was made by the Wes- 
tinghouse Electric and Manufacturing Company. Its diameter is 
13 ft. 2 ins., its weight 100,000 lbs., and its normal speed 375 r.p.m. 

The assembled wheel shown is made with a cast-steel spider A, 
which has 12 arms made of a double 7}X4-ins. square section, the 
corners being well rounded with a 1j-in. radius. The arms have a 
liberal fillet at the hub and flange ends. The hub has a bearing of 26 
ins. on the shaft, which has a double-stepped fit and driving through 
a feather key. The rim is machined with 12 notches B 2# ins. deep, 
248 ins. at the outer periphery, having taper sides of 27 deg. 

The laminated sheets C, which occupy a width of 1 ft. 9} ins., are 
made from .o281 in. bessemer (not annealed) sheet steel, 12 being used 
for a circumference. Each sheet is made with two dovetails fitting 
into the notches machined in the spider rim. 
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On each outer side of the laminated sheets is an end plate made of 

_ cast steel. Each end plate is accurately drilled, reamed and fitted 

with ten 13 cold-rolled steel bolts D, the ends of which are fitted with 
hexagon nuts which set into counterbores in the plate. 

The laminated sheets are assembled with overlapping joints and 
when clamped together very little strain comes upon the bolts, as 
the thin sheet construction gives a very high slipping resistance with 
a comparatively light pressure. The bolts pass through the end 
plates and sheets. 

_ In the center of the group of laminated sheets is inserted a punch- 
ing of the same dimensions as the sheets, but fitted with six notches 
in each sheet, 3 ins. in width and 14 ins. deep. These notches are 
used for barring the engine, a special barring engine being attached 
to the equalizer set. 

Fly-wheel joints having an efficiency of 100 per cent. or more have 
been made by Joun Frirz (Trans. A. S. M. E., 1899) and by H. V. 
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Fic. 8—The Westinghouse fly-wheel for a rim speed of 15,000 ft. 


per min. 


Haicut (Amer. Mach., Feb. 28, 1907). The two constructions are 
pased on the same principle, Mr. Haight’s wheel being shown in Fig. 9. 

The reason why ordinary joints are weaker than the parts which are 
joined is that those parts are cut away to provide room for the joining 
pieces. Mr. Haight’s plan is to cut away the rim section throughout 
its circumference, carrying the section which is imposed by the joining 
pieces all the way around the rim, the result being that the rim is not 
weakened by making provision for the joining pieces. ‘There is, 
in fact, no difficulty in making the joining pieces stronger than the 
rim, and hence this joint may have an efficiency exceeding too per 
cent. 

Moreover, the usual form of wheel-rim section involves a spongy 
center, which adds its due quota to the weight of the rim and to the 
strains to be carried by the rim section, while it adds very little to 
the strength of the section. Mr. Haight’s construction involves a 
ribbed form of rim, by which this spongy center is largely eliminated, 
and hence the section of his castings should be stronger than that 


of the usual form; and, inasmuch as the link can then be made of the 
same strength as the casting, the conclusion would seem to be 
inevitable that the wheel as a whole should be stronger than a solid 
wheel having the usual section of rim. 

Dividing the wheel with the joints at the arms neutralizes the beam 
action of the customary construction which Professor Benjamin’s 
experiments have shown to be so injurious. , 

The removal of the metal which would ordinarily occupy the chan- 
nels aa and its addition to the other parts of the section, where it 
acts to strengthen the section at the link as well as the remainder of 
the wheel, accomplishes the seemingly impossible. 

The bolt through the arm was placed there to provide for machining 
the rim. It is not needed to reinforce the link. 

In Mr. Fritz’s design the same result is obtained by a cored section, 
Fig. 10, the action of the core being the same as that of the channels 


Section 
through 
Rim 


Section 
through 
Joint and 
Links 


Fic. 9.—The Haight 100 per cent. efficiency fly-wheel joint. 


Section 


Fic. 1o.—The Fritz 100 per cent. efficiency fly-wheel joint. 


aa, Fig. 9, of Mr. Haight’s construction. The joints are midway 
between the arms but the great number of arms (16) reduces the beam 
action to a probably negligible amount. The arms are hollow and 
join the rim segments by curves which avoid abrupt change of section. 
Four I links of unequal length are used at each joint, the object of the 
inequality being to distribute the stresses due to the links. Many 
of these wheels of 20 to 30 ft. diameter have been applied to the most 
severe rolling-mill duty and they have never failed. 

The design of band fly-wheels is, as a rule, worse than that of plain 
fly-wheels. The thinness of the rim increases the stress due to the 
beam action and, with joints midway between the arms, such wheels 
are unsafe. 

In wheels of a size suitable for casting in halves, which includes the 
great majority, double arms should be placed at the joint, as in Fig. 
11 by J. B. Sranwoop (Amer. Mach., Apr. 4,1907). Thisisa marked 
improvement over the midway joint, but it may be still further 
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improved by adapting the Haight principle, as suggested by PRo- 
FESSOR BENJAMIN (Amer. Mach., April1t, 1907) and shown in Fig. 12. — 

The ribs should be deep, both to resist the beam action and to 
bring the links more nearly to the neutral axis of the section. For 
ordinary cases the arms may be proportioned in accordance with the 
author’s formulas for wheels in one piece. 

In segmental wheels the joints should be placed at the arms. 

Such a wheel of 22 ft. diameter, 96 ins. face and for three belts, by 
the Providence Steam Engine Co. (Amer. Mach., Nov. 11, 1895), is 
shown in Fig. 13. The space required for the pad for the arm joint 
makes the application of the Haight principle more difficult in these 
wheels, but the more nearly it is adhered to the better the wheel will 
be. 


Section B-B 


Fic. 12——The Haight principle applied to split band fiy-wheels 
TABLE 3.—DIMENSIONS OF SHRINK LINKS AND SHRINKAGE ALLOWANCE. PRACTICE OF THE GENERAL ELECTRIC COMPANY | 
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FLY-WHEELS 


The absence of shrinkage strains in segmental wheels makes feas- 
ible the application of the usual formulas for the strength of beams 
to their design. In large wheels the arms should be of I-beam or, 
better still, of oval hollow section. The total load should be taken as 
that due to the full pressure of the steam acting when the crank is 
at a right angle with the center line and a factor of safety of not less 
than 1o should be included. 


For the design of hollow fly-wheel arms from their solid equivalents 
see Arms of Spur Gears. ‘ 


The Regulating Power of Fly-wheels 


Not much actual use is made of analytical methods in the determi- 
nation of the weight of steam-engine fly-wheels—resort being usually 
made to comparison with existing wheels. As will be seen below, 
the formula for the weight of wheels designed for a given fineness of 
regulation includes two coefficients—one for the steam distribution 
and piston speed and the other for the degree of regulation desired. 
The determination of the former for any given engine is so laborious 
that itisseldom made. Because of this the two coefficients have been 
frequently combined into one. The resulting formulas, while rational 
in form and sufficiently correct for the types of engine and the services 
from which they have been derived, are of limited application and, 
worse yet, their limits are unknown. 

The determination of the coefficient for the steam distribution 
and piston speed by analytical methods compels the resort to sim- 
plifying assumptions which vitiate, if they_do not destroy, the value 
of the conclusions. ‘The determination has, however, been made 
graphically with all necessary accuracy and for a wide range of 
conditions by Kart Maver (Zeitschrift des Vereines Deutscher 
Ingenieure, 1893) and translated by Emit TuHetss (A mer. Mach., Sept. 
7 and 14, 1893). Herr Mayer, with infinite care and patience, 
constructed a series of rotative effort diagrams from which a series 
of values of this coefficient was determined. 

In the operation of a fly-wheel under a varying impulse and a 
constant resistance, the velocity fluctuates between two limits which 
are expressed by the equation: 

mean velocity 
greatest velocity—least velocity — 
of steadiness, which is the reciprocal of the coefficient of fluctuation 
used by some writers. 

The value of the coefficient of steadiness having been selected to 
suit the character of the load, the weight of the wheel is then deter- 
mined to suit. Since an early cut-off and low piston speed will 
deliver more irregular impulses than a late cut-off and high piston 
speed, it is obvious that these factors also affect the weight of the 
wheel. 

The formula for the weight of the wheel is as follows: 


= a quantity called the coefficient 


in which W =weight of wheel rim, lbs., 
7=coefficient for steam distribution and piston speed, 
d=coefficient of steadiness, 
i.h.p. =indicated horse-power, 
v=mean velocity of wheel rim, ft. per sec., 
r.p.m.=revolutions per minute. 

Herr Mayer’s determinations of the value of 7 are given in Table 4. 
‘Two assumptions run through the table: The length of the connect- 
ing rod is uniformly taken as five times the crank and the weight of 
the reciprocating parts is taken at an average value as given by a 
formula. The captions ~, .7p and o refer to the compression, 
which, in column 4, is to the initial pressure; in column .7/, to seven- 
‘tenths of that pressure, while, in column 9, there is no compression. 
Herr Mayer’s values of the permissible coefficient of steadiness, d, 
together with additional values, from Unwin’s Elements of Machine 
Design, are given in Table s. 


75 


With the values of i determined, it is a comparatively simple 
matter for any engine builder to determine the values of d for his 
own wheels and thereafter to design others in a strictly rational 
manner. 

In doing this, and, indeed, in any application of this method, it 
should be noted that the value of 7 increases as the 7.h.. decreases— 
that is, as the cut-off is shortened. Values of the i.4.p. for the points 
of cut-off included in Table 3 should therefore be determined and the 
calculation of the weight of the wheel be made for the maximum value 
of the product of 7 and 7.4.p. in order that the regulation may be 
satisfactory under the worst condition, 

While useful for purposes of comparison, the sections of Table 4 
for two- and three-cylinder engines have, probably, little real applica- 
tion. Wheels dimensioned in accordance with them would, no doubt, 
be so light as to be structurally too weak for use. 

In all that has been said, the weight of the arms and hub has been 
ignored. Their weight is so considerable while their effect is so small 
that, when applying the formula to existing wheels, their weight 
should be subtracted from the gross weight of the wheel. Calcula- 
tions of many large wheels have shown that the weight of arms and 
hub combined make up about 35 per cent. of the weight of the entire 
wheel. ‘Their fly-wheel effect, on the other hand, adds but from 
73 to 10 per cent. to the value of the rim. 


Fly-wheels for Intermittent Work 


The design of jly-wheels for intermittent work, such as punching, 
shearing, etc., is based upon an entirely different procedure. The 
loss of energy being equal to the work done, the weight and velocity 
of the wheel must be such that the loss of energy does not involve an 
undue reduction of speed. The fundamental formulas are: 


W 
= (oro ; 
, 2g 
si 012 — V9” (0) 


in which E=loss of energy of wheel=work to be done, ft.-lbs., 
W =weight of wheel, lbs., 
21=normal or full velocity, ft. per sec., 
v2 =reduced velocity after work is done, ft. per sec., 
g=acceleration of gravity = 32.2 
In equation (b) the reduced velocity may be expressed as a fraction 
of the normal velocity, that is, v2=a2, giving 
ogk 
2ek 
(r= a) 9? 
For belt-driven machines the limiting low velocity is that at which 
the belt runs off the pulley. According to WiLrreD Lewis (Trans. 
A.S. M.E., Vol. 7) the experiments of Wm. Sellers & Co. showed that 
this would take place when the slip exceeded 20 per cent. of the belt 
speed, that is, ain equation (c) should not be less than .8. Intro- 
ducing this value and the numerical value of g gives for the limiting 
condition for belt driving 


W= 


(c) 


W= ee 
V1 


Since in most cases the reduction of speed is momentary only, 
while in the experiments it was continued for some time, the limiting 
condition or one not far from it would seem to be admissible when 
other conditions do not prevent its use. 

Strict accuracy in calculations involving the energy of fly-wheels 
requires that the weight used shall be the weight of the entire whee] 
and that the velocity be that at the center of gyration. The calcu- 
lation of the radius of gyration of such bodies as fly-wheels is laborious 
and is seldom made. The usual method is to make the calculations 
for the weight of the rim only and for the velocity at the center of 
gravity of the rim section. 
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TABLE 4.— 
4. Vanvrs OF THE COEFFICIENT 7 FOR STEAM DISTRIBUTION AND PISTON SPEED FOR 
SUBSTITUTION IN FORMULA 
Single Cylinder Non-condensing Engines 
Cut-off 
Piston t iG | i | t 
speed = Compression to 
eee ieee ee lo | ot ae lo |e ae 
- 200 | 272,690/ 241,530] 218,580] 242,010| 220,280| 209,170| 220,760] 207,230] 201,020 193,340] 187,670| 182,840 
400 240,810) 200,800 187,430] 208,200] 188,880] 179,460 188,510] 176,080] £70,040] 174,630] 167,860] 167,860 
600 194,670} 165,450] 145,400| 168,500] 151,440 136,460) 165,210] 150,710| 146,610|......./es.0..0|s. 
800 158,200) 142,026] 108,690|)162,070|/948,540|735,260),......|.......l:..0...\c......40,.....1.. oe, 
Two Cylinder Engines with Cranks at 90 Deg. 
Cut-cfft ‘ 
Piston : | t 3 | i 
peed Compression to 
D (cao. b ee b Pete. | b [asie@ 
200 71,980 S 59,420 40,272 ° ° 
i ° , et is d 
400 = |70,160 | 8S 57,000 | §& 49,150 + $%|$ 50,000 [377920 | $R 
f ; , ’ = | ¢ 36,950 
600 —|70,040 f £ o 60,140 | 480 Bod | 5434910220 | ES 35,500 | BS 
70,040 60,140 = | 
Single Cylinder Condensing Engines 
Cut-off yy 
Piston | t = t | b 
Sand Compression to 
Meee | eee oe ep |e |b he Wee 
200 202,730| 241,770| 180,180] 265,560 226,310) 176,560] 234,160] 206,030] 173,660| 217,980] 195,400] 171,000 
400 212,910] 171,970} 117,380] 194,550] 163,030] 117,870] 174,380] 151,680] 118,350| 166,290] 146,610] 121,730 
600 TATOO) 127.530) 124,050,145, 7O 0] NAS; 7.00) CAO OOON et a sete lier al euecalete ee er telllnt-asucva cllletscleuetecil eg cee 
Single Cylinder Condensing Engines 
i 3 i 
Piston | “ C | = 2 
pieced ompression to 
oer ero es ie eee ite hab) ve 
200 204,210} 185,250) 167,140] 189,600] 173,900| 161,830| 172,690] 165,030| 156,090 
400 164,720| 148,780| 133,080] 174,630] 164,970| I5I,680|.......|......]eceeece 
Three Cylinder Engines With Cranks at 120 Deg. p2 
- Cut-off 3 | t | 3 | 3 
t 
phe Compression to 
speed 
TRY be Ce Me Sy GN By ee ee Se 
200 33,810 | 32,240 | 33,810 | 35,500 | 34,540 | 33,450 | 35,260 | 32,370 
800 30,190 | 31,570 | 35,140 | 33,810 | 36,470 | 32,850 | 33,810 | 32,370 
TABLE 5.—VALUES OF THE COEFFICIENT OF STEADINESS hub 31.4 per cent. of the weight of the entire wheel. Using these per- 
| Values of d centages Mr. Beyer has calculated Table 6 for a variety of rim sections 
F 2 rr which embraces almost everything occurring in practice. With the 
ratin F 5 a : i . 
te iene og Ae Fe 8 sy 2 aid of Figs. 14-17, this table will answer any question relating to the 
INCE ere Oue . - . 
ee ae Sass PD ery : 5 functions of fly-wheels used for intermittent work. 
ae ia SESE peb cea pintage) oniuewertisens Be bol Latcans The use of this table is as follows: To find the velocity in ft. per 
ana machinery. acne a aN ea ac sec. of the center of gyration of a fly-wheel, select from the rim sec- 
Flour milling sae ee pe tions shown in Table 6 and marked a, b, c, d, e, f and g, the one near- 
Spinning ae aE Y == aS os Se dae est, as to ratio of width to thickness, to that of the wheel, then locate 
Ordinary ‘ane engines with be!t transmission. . 35 in the first column the outer diameter of the wheel and trace over to 
Gear-wheel transmission. : igy 5° the column headed by the same letter that identifies the selected rim 
Unwin’s Elements of Machine ee gives aati 
For engines operating The number found in this column gives the velocityin ft. per sec. 
Machine tools. . tee 35 of the center of gyration of the wheel when running at the rate of 
Textile machinery. RoiaicrenepettacigscbeUivel sh eke lait s sutirt ori aye: rr.p.m. Multiplying this number by the r.p.m. the wheel actually 
Spinning machinery.. 5° to 100 makes, gives the required velocity of the center of gyration. 
Electric machinery. . steer z5° In the same manner the velocity in ft. per sec. of the outer circum- 
Electric machinery direct driven... gee ference is found by tracing over from the outer diameter of the wheel 


————_—+ 


Determinations of fly-wheel effects using the entire weight of the wheel 
and the velocity of the center of gyration, have been much simplified 
by O. S. Beyer (Amer. Mach., Oct. 17, 24, 1912). Thesimplification 
grows out of the fact that examination of a large number of fly-wheels 
for use on punching and similar presses has shown the quite constant 
relation that the weight of the rimis equal to 68.6 and of the arms and 


in the first column, to the last column. Thenumber there found is 
the velocity of the outer circumference of the wheel at rr. p.m., and 
multiplied by the actual r.p.m. of the wheel, gives the renured 
velocity of the outer circumference. 
For sizes between those given in the table in Peaieiion is necessary. 
The velocity at the center of gyration having been obtained from 
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Table 6, the energy for a wheel of given weight may be obtained 
from Figs. 14 and 15 (also by Mr. Beyer) which are identical, except 
that Fig. 14, for low velocities, is on a larger scale. 

To find the energy of a body of a given weight and moving with a 
given velocity, find on the scale of velocity the point that corresponds 


to the velocity in ft. per sec.‘at which the body is moving, and trace © 


upward to the curve; then, from the point thus located on the curve, 
trace over to the scale of energy; the number identified on that scale, 
if multiplied with the weight of the body in lbs., will produce the 
required energy in ft.-lbs. 

The charts may be used with equal facility in the reverse direction 
to find the velocity at which a fly-wheel of known weight and diameter 
must be run in order to contain a given amount of energy. To do 


10 


te 
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na 


Scale of Energy, Ft. Lbs. 
oO 
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0 5 10 15 . 20 25 


Scale of Velocity, 't. per Sec. 


ETC MEAL 


E=energy, ft. lbs. 

W =weight of body, lbs. 
v=velocity, ft. per sec. 
£=32.2 


Fics, 14 and 15. 


this divide the given energy for which the velocity is required by 
the weight of the body; the quotient being the amount of energy con- 
tained in each lb. of the body’s weight. Locate this quotient on the 
scale of energy, in Fig. 14 or Fig. 15, trace over to the energy curve, 
and down to the scale of velocity, where the required velocity in ft. 
per sec. may be read off. Then turn to the velocity table and find 
the velocity number corresponding to the outer diameter and type of 
rim section of the wheel, and divide by this number the velocity in 
ft. per sec. just found. The quotient is the r.p.m. the wheel must 
make in order to contain the given amount of energy. 

A leading question in connection with the design of fly-wheels for 
intermittent work relates to the permissible reduction of velocity 


at each operation. The extreme value for belt-driven fly-wheels is 
20 per cent., at which the belt is liable to run off the pulley. This 


* represents an abstraction of 36 per cent. of the energy. According 


to Mr. Beyer, for press work, the extent to which the diminution of 
the velocity of a fly-wheel is practicable depends upon the frequency, 
as compared with the velocity, with which the fly-wheel is drawn 
upon for energy. Thus: If an ordinary fly-wheel press, running at 
90 r.p-m., is tripped at regular intervals, say 15 times per min., the 
velocity may each time be diminished to the extent of ro per cent. or 
even more. But if the press is run continuously, no greater diminu- 
tion than from s to 6 per cent. should be reckoned with. 

In the case of a heavily-geared drawing press, having an engine 
directly connected, or running under conditions otherwise favorable 
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to readily restoring the velocity to normal, the fly-wheel may be 
brought almost to a standstill. 

Obviously, other factors enter the problem, but they are as mani- 
fold as the kinds of work that may be done in the same press. 

Problems relating to the reduction of velocity and energy of fly- 
wheels may be solved by the use of Figs. 16 and 17, also by Mr. 
Beyer, which are almost self-explanatory. Thus, in Fig. 16, locate 
the permissible reduction of velocity on the vertical scale, trace 
horizontally to the curve and then down to the horizontal scale, where 
read the fractional part of the energy given out with the given reduce 
tion of velocity. Obviously the chart may be used in the reverse 
direction with equal facility. 


(Continued on next page, second column) 
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TABLE 6.—VELOCITIES IN FEET PER SECOND OF CENTER OF GyYRA- 
TION AND OF OUTER CIRCUMFERENCE FOR DIFFERENT CROSS- 


SECTIONS OF RIM, AND DIFFERENT DIAMETERS OF FLY-WHEELS © 


RUNNING AT 1 R.P.m. 


Velocity 

Velocity of center of gyration, in ft. per sec. for sections of outer 

circum- 

Cross- ference, 
section a b c d e a g ft. per 
of rim sec. 
12 0406 |.0411 |.0417 |.0423 |.0428 |.0434 0440 .0524 

18 |.0609 |.0617 |.0625 |.0634 |.0642 |.0651 0660 0785 

24 .o812 0822 |.0834 |.0845 |.0857 |.0868 0880 . 1047 

. 30. |.1014 |.1028 |.1042 |.1056 |.1071 |.1085 II0o 1309 
@. 30 }.1217 |.4233 |.1250 |.1268 |.1285 |.1302 1319 SL STL 
= 42 |.1420 |.1430 |.1450 |.1479 |.1499 |.1519 | .1530 .1833 
& 48 |.1623 |.1644 |.1667 |.1690 |.1713 1736 I759 +2004 
E 54 |.1826 |.1850 |.1876 |.r90r |.1027 |.1953 1979 +2356 
cS 60 |.2029 |.2055 |.2084 |.2113 |.214r |.2170 21090 -2618 
FroGes }.2232) 2265 | (2202 |.2334 72350 |\2387 2410 2880 
3 72 .2435 |.2466 |.2501 |.2535 |.2570 |.2604 2639 sh42 
& 78 |.2638 |.2672 |.2709 |.2747 |.2784 |.2821 2850 +3403 
se) 84 |.284r |.2877 |.2917 |.2958 |.2908 |.3038 3079 .3665 
s 90 |.3043 |.3083 |.3126 |.3169 |.3212 |.3255 | .3299 +3927 
5 96 |.3246 |.3288 |.3334 |.3380 |.3426 |.3473 | .3519 -4189 
102 |.3449 |.3494 |.3543 |.3592 |.3641 |.3690 | .3739 «4451 
108 |.3652 |.3609 |.3751r |.3803 |.3855 |.3907 3958 +4712 
114 _|.3855 |.3905 |.3959 |.4014 |.4069 |.4124 | .4178 4974 
120 |.4058 | 4110 |.4168 |.4225 |.4283 |.4341 4398 -5236 
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Scale of Energy Expanded 


21=normal velocity, ft. per sec. E,=normal energy, ft. lbs. 
vo=loss of velocity, ft. per sec. E,=\loss of energy, ft. lbs. 
veel ae 
Ex» ae -") 
V1 
Fic. 16.—Relation of energy expended and loss of velocity. 


Similarly Fig. 17 gives the relation between loss of energy and of 
velocity. If, for example, a fly-wheel is to furnish 200 ft.-lbs. of 
energy during each cycle, but the working conditions of the press 
are such as to require the diminution of the velocity to be kept within 
the limit of 7.5 per cent. we turn to Fig. 17. 


° A pt : 
Locating on the scale of velocity ratio = the one given; namely, 
2 


I0o 


7.8 and tracing over to the curve, and down to the scale of energy 


ratio oe the number 6.957 will be found, and is the ratio of the total 


energy the wheel must have to the energy to be expended at a dimi- 
nution of the velocity not exceeding 7.5 per cent. 

In other words, the energy to be expended is to be multiplied with 
that number, to produce the total energy, or 2006.957=1301.4 
ft.-lbs. From this total energy, the diameter being generally derived 
from surrounding conditions, the weight, velocity in ft. per sec. and 
the r.p.m. are readily settled with the aid of Figs. 14 and 15, and the 
velocity table. 

Another problem occurs when the amount of the expended energy 
is limited to a certain ratio to the total energy and this also may be 
solved by the aid of Fig. 17. 

Supposing, the total energy a fly-wheel requires to be 5 times the 
energy it may expend, the resulting velocity ratio is then found by 

Ey 


locating the ratio 5 on the scale of energy ratio Re and tracing up to 
2 


c On 
the curve, and over to the scale of velocity ratio ae where the number 
3 


ae will be found, which indicates that, if the total energy of the 


wheel to the energy to be expended is to be as 5 is to 1, then the 
corresponding velocities must be as 100 is to 10.56. 
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Fic. 17.-—Relation of total and expanded energy to loss of velocity. 


CONE PULLEYS AND BACK GEARS 


Graphical Solution 


The geometrical progression of speeds for driving machines by the 
cone pulley and back gear, or other means, is now generally accepted 
as correct. By this is meant that each speed should equal the one 
next below it, multiplied by a constant ratio. According to CARL G. 
Bartu (Amer. Mach., Jan. 11, 1912), the ideal value for this constant 
ratio in machine-tool practice is the fourth root of two or 1.189. 
The smallest ratio which Mr. Barth has found in the best speeded 
lathes of to-day is somewhat greater than this, being about 1.25. 
The ratios found in machine tools having the usual pattern of wide 
range cone pulley, range between 1.5 and 1.75, while ratios as high 
as 2 are occasionally found. Such ratios are too large to permit 
the selection of economical speeds for the work. 


Find the resulting ratio in the base line as at a. Trace upward to 
the curve for the desired number of speeds as at 6. Trace to the left 


and read the required ratio of successive speeds as at c. 


To find the desired speeds construct a diagram as in Fig..2, by 
PROFESSOR SWEET (Amer. Mach., Oct. 13, 1898). Lay off ab to any 
scale and call it unity. Lay off ac to the same scale and equal to the 


ratio found in Fig. 1. The most convenient method of doing this is 
to take de and fc, Fig. 1, for ab and bc, Fig. 2, respectively. Draw 
the verticals through b and c, Fig. 2, and lay off bd to any scale to 
represent the lowest number of revolutions. Draw ad and extend 
it to e, through which draw the horizontal ef, when df will represent 
the second speed to the same scale that bd represents the first speed. 
Proceed in this way as indicated in the diagram, finding points 
g, h, i, etc., for the various speeds. Should the diagram extend 
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Fic. 1.—The geometrical speed ratio of cone pulleys. 


For feeds of machine tools the geometrical progression is also in 
general, though not universal, use. About the only type of machine 
for which this arrangement of feeds is still a matter of controversy 
is the drilling machine. 

The data given or assumed are usually the highest and lowest 
revolutions per minute of the machine spindle, the number of speeds 
and the diameter of the largest pulley, this last being determined by 
the available room. The assumed number of speeds should be re- 
garded as a trial number only and subject to correction, should the 
ratio, due to that number, be found too high or too low. 

There are three steps in the process: (1) finding the ratio; (2) 
finding the speeds; (3) finding the diameters. 

To jind the constant ratios consult the chart, Fig. 1, by Pror. 
H. F. Moore (Amer. Mach., May 21, 1912) and proceed as follows: 
Divide the largest by the smallest r.p.m. of the machine spindle. 
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beyond the limits of the paper, lay down the last value found on the 
paper to a reduced scale, and proceed as before. 

When finding the diameters of the steps three cases exist. 

Case I. Crossed belts. 

Case II. Open belts with pulleys at sufficient distance apart to 
make it unnecessary to compensate the tendency of the changing 
belt angle to alter the length of the belt. Machine tools driven from 
overhead countershafts are illustrations of this case. 

Case III. Open belts- with pulleys so near together that the 
tendency of the changing belt angle to alter the length of the belt 
must be compensated. Foot-lathe drives and many speed cones 
are examples of this case. 

Since in Case I the belt length is constant, while in Case II it is so 
nearly constant that it may be regarded as such, the two cases may 
be treated as one. The distinguishing feature of these cases is that 
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the sum of the diameters of mating steps is constant, while in Case 
III this sum is not constant. 

To find the diameters of the steps for cases I and II, the cones being 
alike, as is usual, and having an odd number of steps, proceed as in 
Fig. 3: Draw a horizontal through a and from a lay down the speeds 
to the same scale as in Fig. 2 or to any convenient scale, giving ab, 
ac, ad, etc. Draw a vertical a0 and make a0 equal to the middle 
speed, ad. Draw 00, cO, dO, etc.; lay down R, equal to the radius of 
the largest step and draw gh. Through h, the intersection of the 
highest speed line Of with gh, draw hi at an angle of 45 deg. Now 
Rin, Rore, Rars, etc., are the radii of mating steps. 

The speed of the countershaft is ad. 

If the cones have an even number of steps there is no middle speed, 
point.d is initially unknown and O cannot be located at the start. 


Fic. 2.—Finding the speeds. 


[=] 


Drivers 7] 


Fic. 5.—Finding the diameters for Cases I and II. Unequal cones 
having either an odd or an even number of steps. 


In the case of unequal cones, two mating steps are naturally known 
and are used to locate O as in Fig. 5: Makejk equal to the radius of 
the largest driven step and 0j equal to the radius of the smallest 
driving step (or, if those dimensions are given, make f? equal to the 
radius of the largest driving, and /m equal to the radius of the smallest 
driven, step). Draw and extend bk (or draw and extend fm) given 
O. Locate i by laying down the largest driven step rs (or locate h 
by laying down the largest driving step Ri), draw hiat an angle of 45 
deg. and proceed as before. 

The speed of the countershaft an is found by drawing On at right 
angles with ih. If the cones are very unlike On may fall without the 
field of the other constructions. 

The ratio of the back gear in all cases is the ratio of the highest (or 
lowest) direct to the highest (or lowest) back-gear speed. 


Fic. 3.—Finding the Diameters for Cases I and II. Equal cones 


having an odd number of steps. 


Fic. 4.—Finding the diameters for Cases I and II. Equal cones 


having an even number of steps. 


Fics. 2 to 5——Graphical method of laying out cone pulleys. 


Proceed as in Fig. 4: Lay down the speeds as before and locate O’ 
at any convenient point on aO’. Draw O’b and O’f; lay down Ry, 
find hk’ and draw h’i’ at 45 deg. as before. The coordinates of h’i’ 
will give mating cones, but not equal cones. Find the center of 
Wi’ and through it draw O’d, thus locating d. Now make aO=ad 
and find the mating steps as before. The speed of the countershaft 
is again ad. 

This construction is approximate only, its accuracy increasing as OO’ 
becomes more nearly equal to zero. To obtain a second and very 
close approximation, repeat the construction by drawing a line 
through O and the center of i, thus finding a new point d, from which 
lay out a new point O as before. 


To find the diameters for Case III proceed as follows, by PROFESSOR 
Moore (Amer. Mach., Feb. 26, 1903): First draw Fig. 6 in which R 
and r represent two of the mating radii. Draw the tangent ab and 
extend it by the distances ac, bd equal to the length of the arcs ae, bf. 

To do this use Rankine’s approximate method (Machinery and 
Millwork) thus: Bisect the arc bf at g (because Rankine’s method 
should not be used for arcs greater than 90 deg.). Draw the chord 


b : 
bg and extend it, making bh= ~~ From h as a center strike the arc 


gi giving bi=arc bg. Repeat bi giving bd=arc bf. Similarly, find 
¢ giving ac= arc ae when cd obviously equals one-half the length of 


the belt. 


z 
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Lay off dj equal to 3.1416 to any scale and dk equal to unity to the 
same scale, dk making any angle with cd. Lay off cl=OO’ and draw 
jk and Im parallel to it giving dm, which is the radius of the middle 
step if the cones have an odd number of steps, or of a hypothetical 
middle step, which is not actually used in case the pulleys are to have 
an even number of steps. 

In Fig. 7 lay down this radius Rm, as shown (Figs. 6 and 7 are drawn 
to different scales), thus finding the point e. Lay down also the radii 
of the steps R, 7 given at the beginning. Through points aeb draw 
the arc of a circle, and proceed as in Fig. 3, Rn and rn being mating 
radii for speed cn. As in Fig. 3 the line cf gives the speed of the 
countershaft. 


Fic. 6.—Finding the middle step for Case ITI. 


That is, the capacity of Fig. 9 on the small step is 64 and on the 
large step, where the gain is most needed, 17} times that of Fig. 8. 

Tn the cases shown there is a slight increase in the diameter of the 
large step but, without this increase, the gain would be nearly as 
large. So large an increase as the one shown is, of course, seldom 
needed. Many cone-pulley drives are, however, weak in capacity 
at the slow speeds and Mr. Norris’s plan points out the remedy. 

The cone pulley shown in Fig. 9 gives a smaller total range of 
speeds than the one shown in Fig. 8, and, if the range of Fig. 8 is 
required, additional back gears are necessary. If double gears be 


used a five-step cone will give 15 speeds against 1o in Fig. 8, while a 
three-step cone will give 9. 


Fifteen are unnecessary and g are, in 


~ 


ee 


Fic. 7.—Finding the diameters for Case III. 


Fics. 6 and 7.—Graphical method of laying out cone pulleys. 


The arc ab gives the required compensation for the angle of the 
belt and provides that a belt length which is correct for one pair of 
steps will be correct for all others. ‘The circle is not mathematically 
correct but is a remarkably close approximation. 

If the drive is too large to be laid down on the drawing board to a 
reasonable scale, the length of the belt may be obtained by calculating 

_ab=On, Fig. 6 (OO’ and O’n of the right-angled triangle OO’n being 
known) and also calculating the quadrants pf and ge, leaving the 
arcs bp, ag tobecalculated or stepped off. These are such a small part 
of the whole that no material error will result from stepping them off 
on a small scale drawing. 


The High-power Cone Pulley 


The power transmitted by cone pulleys may be greatly increased by 
increasing the diameter of the small step, but without increasing 
the over-all dimensions, as explained in a paper read before the 
Cincinnati Metal Trades Association in 1903 by H. M. Norris. 

Fig. 8 shows the standard and Fig. 9 the Norris design. The com- 
parative powers transmitted by the two constructions may be best 
shown by actual figures. Calling the highest belt speed in Fig. 8— 
that obtained with the belt on the 4-in. step—roo, the slowest—that 
on the 12-in. step—will be 

100 X q's = 333 
To maintain the samer.p.m., the highest belt speed in Fig. 9 must be 
17 
r0oX~ = 288+ 
and the lowest will be 
144 
13 

The smallest step of Fig. 8 is too small for a double belt, while the 
opposite is true for Fig. 9. To obtain the ratio of power capacities 
we must multiply the belt-speed ratio by a suitable ratio for this, 


288 


geitis 


10) ° : 4 
say Ex and also by the ratio of the belt widths, rig Doing this we 
2 


obtain: 
Power capacity Fig. 9 small step 288 10. 4 
Power capacity Fig. 8 small step 100° 7 4 Sa 
Power capacity Fig. 9 large step 255. 10. 4 
Power capacity Fig. 8 large step 333°. 7°23 


most cases, enough. It is this reduction in the number of steps that 
gives the increase in belt width. The additional back gear will, 
however, increase the over-all length of the headstock slightly if : 
the entire gain is to be realized. 

The tendency of the belt to climb the side of the pulley against which 
it runs may be prevented by recessing the sides of the steps as shown 
in Fig. 10. The recess should be of ample depth to prevent the belt 
reaching its bottom. 


Fic. 8.—Conventional design Fic 
of cone pulley. 


. o.—Norris design of 
cone pulley. 


Slide-Rule Solution 
The slide rule may be used for solving cone-pulley problems in cases 
which do not involve belt angles so large as to require compensation 
for belt length. The following explanation of this application of the 
instrument is by Ropert A. Bruce (Amer. Mach., A ug, 18, 1904). 


Fic. 10o.—Preventing the climbing tendency of belts. 
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The method is best explained by taking an actual case: Fastest 
speed 280; slowest speed 20; number of speeds r2. 

Lay off a straight line such that the length AB, Fig. rr, is equal 
to the distance between the points 20 and 280 on the B-scale of the 
slide rule and divide it into eleven equal parts—i.e., one less than the 
total number of speeds. To do this draw BC of indefinite length 
and at any convenient angle. Space off eleven equal spaces of any 
convenient length. Join the last point D with A and, by a series 
of parallels through the remaining points, find the required divisions. 
The extreme and intermediate dividing marks will then form twelve 
graduations at equal intervals, and on applying the scale so that 20 
comes opposite the first and 280 opposite the last, as in Fig. 11, the 
numbers found opposite the remaining ten divisions will be the 
intermediate speeds required. The accuracy thus attained is suff- 
ciently close for the purpose in view. <A record of the speeds thus 
obtained may be made by writing opposite each graduation of the 
divided line the corresponding scale reading of the slide rule. 

The percentage rise or drop in changing from any speed to the one 
above or below may be at once obtained by inspection. For, apply- 
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ing the scales so that 100 of the slide-rule scale is opposite one grad- 
uation of the paper scale, it will be seen that the next graduation on 
the right falls opposite 127 on the scale, while the nearest graduation 
on the left lies against 78.5. The interpretation of these figures is 
that the percentage drop of speed is too—78.5, or 21} per cent., 
and the percentage rise of speed is 127—100, or 27 per cent. 

To obtain the ideal speeds so found the scheme to be adopted must 
be settled by the peculiar circumstances of the case, rather than by 
hard and fast rules. We will therefore assume two different cases: 

Let us first of all assume a single-speed countershaft and a cone 
with six steps and back gearing, the six quickest speeds being deliv- 
ered direct by coupling the cone to the spindle, and the slower speeds 
being secured by the use of back gearing. Let us also suppose that 
by the conditions of the problem the diameter of the largest cone step 
is fixed at 20 ins. The speed of the countershaft is equal (whether 
the number of cone steps is odd or even) to the geometric mean of 
the fastest and slowest driven cone sveeds. If we therefore bisect that 
portion of AB lying between 7 and B, that is, the lowest and highest 
direct-cone speeds, we obtain a line marked ‘‘Countershaft speed 
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Fics. 11 to 15.—Slide rule method of laying out cone pulleys and back gears. 
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for six-step cone drive,” which at once gives the scale reading 153 
for the countershaft speed. 

The ratio of back gear is found by shifting the slide so that the 
point A comes opposite the point 1 on the scale, as in Fig. 12, when 
we shall have 4.25 as the scale reading opposite 7, this giving the 
ratio of the back gear, because 1 represents the lowest back-gear 
speed and 7 the lowest direct-cone speed which, obviously, is the 
back-gear ratio. 

The sizes of the cones now require fixing, and if lines C, D, E, mid- 
way between the main divisions 1 and 2, 2 and 3, 3 and 4, Fig. 12, 
are drawn with the slide in the position shown, we get scale readings 
of the ratios of the cones. : 

This result follows from the fact that if the counter-cones and 
driven cones are similar, the ratio of the diameter of steps equidis- 
tant from the middle is the square root of the ratio of their respec- 
tive speeds. Thus in a three-speed cone where the diameter of the 
largest cone is twice the diameter of the smallest, the fastest speed 


is four times the slowest. 


; .. dia. cone 3 
Thus C gives 1.13 for the ratio dia. cone 4 


a roster t dia. cone 2 
INKGS Mots) UE ES ae eae 5 


* ‘ . dia. cone 6 
E gives 1.82 for the ratio Wierenied 
ia. cone I 
Now cone 6 being fixed on as 20 ins. in diameter, cone 1 is 
found by direct proportion to be as nearly as possible 11 ins. 
In practice the diameters of the intermediate cones would usually 
be taken in arithmetical progression, the results so obtained being 
sufficiently near the values sought. But if closer results are required, 
remembering that the sum of the diameters of a pair of conesteps is 
constant and equal to 31 ins. (20 ins.+11 ins.) if 7 is the ratio of any 
pair the diameter of one of them is 
BI fF 
7+1 


and that of the other 
31 
r+i 

If the cones are to have equal steps the lines C, D, E, of Fig. 12, 
may be entirely dispensed with. The diameter of the largest cone 
being settled by practical conditions, that of the smallest can be 
found direct as illustrated in Fig. 13. Opposite 6 in the line AB 
place 20 (the diameter of the largest cone) of the C-scale of the slide 
rule, and opposite the first graduation of AB find 10.97, or say 11 
ins. on the C-scale. 

It will be seen therefore that the above operations have involved: 
(a) the measurement of the distance between two points of the 
B-scale, (b) the transfer of this distance to the paper, (c) its division 
into eleven parts, and (d) the further bisection of one of these parts 
by aline. The results obtained by direct reading are: The appro- 
priate speeds, the countershaft speed, the gearing ratio and the sizes 
of the cones, all of which are obtained without calculation. The 
method to be adopted for finding suitable gears to give the required 
ratio will be explained later. 

The second variation is to employ a four-speed cone delivering 
its motion either direct or through two changes of gearing. The 
first step would be exactly the same as before, the distance AB 
being the scale distance between fastest and slowest speeds on the 
B-scale, and the intermediate speeds being read direct as before. 
The further scheme of operations is shown in Fig. 14. 

The countershaft speed is obtained at the same time as the inter- 
mediate speeds by taking the scale reading of a line bisecting the 
fastest and slowest cone speed lines. 

The gear ratios are obtained on the B-scale, from P to Q and from 
R to S, the unit of the slide-rule scale being placed respectively at 
PandR. The size of the smallest cone is given by the reading MN 
on the C scale, 20 (i.e., diameter of the largest cone step) being 
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placed at NV and the diameter of smallest cone being given on the 
C scale at M as 14 ins. 

When finding the teeth in the wheels the clue is the easily remem- 
bered fact that in a pair of wheels in which the ratio of the faster 
divided by the slower is r the number of teeth in the pinion is 

sum of number of teeth 
r+1 
Now, the sum of the number of teeth is always fixed when the centers 
of the wheels and the pitch have been determined. In compound 
gears the simplest case is back gearing where both pairs are equal. 
The total ratio of the gearing has been determined in the foregoing 
cases by a simple reading on the B-scale, see Fig. 12, where the total 
ratio is 4.25. Using the C-scale, however, we should obtain the 
square root of this ratio and should thus have the ratio of each pair 
of wheels. Thus if 1 on the C-scale is put opposite A in Fig. 13 the 
line 7 would come opposite 2.06. And if the total number of teeth 
in each pair were 150, we should have as the number of teeth in 

150 

2.00-+1 

Returning to the case in Fig. 14, a convenient method of obtain- 
ing the changes of gear would be as in Fig. 15, where only three sizes 
of wheels are used, all of the same pitch but of decreasing breadths 
as we move from right to left. The fast or first gear is through the 
equal wheels AA and CB, the total ratio being 2.61. If the number 
of teeth as before is 150, then the number of teeth in C is obviously 
aap a 
while A has 75 teeth. The simplicity of the processes explained is 
obvious and the method can be modified by anyone understanding 
the principles of the logarithmic scale. 


pinion or 49 nearly, and of the wheel, 150—49=Iot. 


and for B we have number of teeth=150—43=107, 


Arithmetical Solution 


Arithmetical calculation may be used for solving cone pulley problems 
in cases which do not involve belt angles so large as to require com- 
pensation for belt length. The following systematic procedure is 
by P. V. VERNON (Trans. Manchester Asso. of Engnrs., 1903). 

In the preceeding solutions the slowest speed was selected as the 
starting-point from which the others were obtained by working up- 
ward. Mr. Vernon inverts this process and begins with the fastest 
speed from which the others are obtained by working downward. 
Under the former method the ratio between the speeds is more 
than one; under the latter it is less than one, the two values being 
reciprocals. 

To calculate the ratio for the latter method, divide the slowest by 
the fastest r.p.m., and find the logarithm of the quotient. Divide 
this logarithm by the number of speeds less one and find the natural 
number corresponding to this logarithm, which number will be the 
required ratio. For the former method divide the fastest by the 
slowest r.p.m., and proceed as before. 

This calculation may be replaced by Table x of ideal speed ranges 
with sufficient accuracy for practical purposes, the greatest error 
introduced in the speed ratio being one-half of x per cent. 

To find the ratio and the speeds for the example shown in Fig. 16, 
in which it is required to find the correct proportions of gears and 
cone pulley for an ordinary back-geared headstock! to produce 
twelve speeds varying from 280 down to 20 per min. The cone 
pulley is to have three steps, the largest 12 ins. diameter, and will, of 
course, be driven from a two-speed countershaft. This example is 
representative of a type of headstock largely used on medium-sized 
turret lathes. 

Referring to the table of ideal speed ranges it will be seen that the 
first number in each column is rooo, so that a corresponding range 
of speeds in the table would have twelve speeds varying from rooo 


1 The construction called back gear in the United States is in England called 
double gear. 
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1000 X 20° 


down to Baga OF from tooo down to 71.4. Refer to table 


and look along horizontal line No. 12 for the figure nearest 71.4. 
This will be found to be 74.7 in the 21 per cent. column, which is 
probably near enough for the purpose, and fixes the common ratio 
required at .79, or 21 per cent. of drop from speed to speed. 

The percentage of drop from speed to speed will therefore be 21 
per cent. with 280 as a maximum. Plot out speeds as follows, 
either by calculation or slide rule: 280, 221, 174.7, 138, 109, 86.1, 
68, 53-7, 42-4, 33-5, 26.46, 20.9. 

To find these speeds by logarithms, note that the logarithm of the 
ratio is the common difference of the logarithms of the speeds, there- 
fore, find the logarithm of the highest speed and from it subtract 
the logarithm of the ratio, the result being the logarithm of the 
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second speed. From this logarithm subtract again the logarithm 
of the ratio and the result will be the logarithm of the third speed, 
and so on. 

To find the correct proportions of gears and cone pulley to produce 
the above speeds: 

The set of speeds as obtained above may now be arranged as in 
Fig. 17, which represents in a simple way the general arrangement 
or typical form for obtaining geometrical ranges for all combina- 
tions of gears, cone pulleys, and countershaft changes. 

The arrangement consists of two main divisions of six speeds 
each, one division being entirely direct speed and the other entirely 
back geared, each division giving half the range and without any 
overlapping. 

Each main division consists of two sub-divisions of three speeds 


TABLE 1.—SPEEDS IN GEOMETRICAL PROGRESSION. 
Diminishing Speeds from the Highest as the Starting Point. 
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27 64.5 148.1 |35.8 |26.5 |19.6 |14.5 |10.7 | 7.7 | 5-7 | 4-14| 3-02] 2.2 | 1.56) z.11 

28 {58.1 142.8 |31.5 |23 16.9 |12.4 | 9 OMS eATehesesol 2e42| DeS 7 ike? 

20m S202 130-2 12767, \20 FARR LOOS WeyeSelese4 |) 320 |) 2.70) 2-031 2232] 0.05 

30 147 33.9 |24.4 |17.4 |12.5 | 8.9 | 6.3 | 4.5 Era (6)| Ge |] a IN Clee) 

Brmi4203-|3072) |20.4 15.1% \10.7 | 7.5 | 5-3) 3-7 2,00| £.70\ Te25 

32 |38.1 |26.8 |18.9 |13.2 | 9.2 | 6.4 | 4.5 | 3 2.12| t.44] 0.99 

33 134.3 |23-9 |16.6 |x11.4 | 7-9 | 5.4 | 3-7 | 2-5 | 1-74) 1-27 

34 |30.8 |21.3 |14.6 | 9.9 | 6.8 | 4.6 | 3.1 | 2.1 | 1.43) 0.95 

35 |27.7 |18.9 |12.8 | 8.6 | 5.86) 3.9 aCe elin7 Oat 17 

36 {25 LOW |FL a3 iy ses Baap 2a 2h let ACs 0,00 

37 |22.5 114.8 | 9.9 | 6.5 | 4.3 | 2.8 etsy. |e wines 

480 120525/03.2| 8.7 1507 | 3-7 1 2-4) 1.5 | 2 

BOMEILoe2 (Diaz) 700) | 4-0 ga2 1-2 Tie3 

40 |16.4 |10.4 | 6.7 | 4.3 | 2.75! 1-74] 1-1 on 
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each, one for the fast and one for the slow countershaft speed, the 
sub:divisions being in the same order in each main division. Each 
sub-division consists of a group of three speeds, one for each step 
of the cone pulley, all in the same order and without overlapping. 

Suppose, In the example, that the countershaft and machine cones 
are identical; then the cowutershaft speeds will be 221 and 109 r.p.m. 


Fic. 16.—Lathe headstock with plain back gears, counter-shaft 


speeds 221 and tog r.p.m., back gear ratio 4.11 to 1. 


Direct Speed Back Gear 


Counter-shaft 
Fast or Slow 


Back Gear 
411 tol 


Fic, 18 


Fics. 17 and 18.—Preliminary and final speed determinations for 
the case of Fig. 16. 


Note.—If the cone pulleys have an odd number of steps, the 
countershaft speed equals the speed of the driven cone with the 
belt on the middle step. If the number of steps is even, the counter- 
shaft speed 


= quickest speed of coneX 


Neonat 

—— speed of cone 

quickest 

The largest diameter of the cone pulley is given as 12 in. 


smallest diameter then is equal to 


largest diameter, countershaft 
of cone speed 


quickest speed of cone 
_ 12K 221 
280 


(2) 
The 


(0) 


The middle step =half the sum of the other two steps = 10.73 ins. 

The ratio of the back gears may be obtained by inspection of the 
range of speeds of Fig. 17, from which it will be seen that the ratio 
required is in the proportion of the highest direct speed to the 
highest back-gear speed, or as 280 :68=4.11 tor. The gears should 
be proportioned to give this ratio to the nearest tooth. 

The required data are now complete, and the actual speeds may 
be laid out as in Fig. 18. 

If the gears which can be used will not give exactly 4.11 to t. 
because of the necessity for using an integral number of teeth, the 
nearest approximation must be used. 


=9.47 ins. 
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For double back gears, as shown in Fig. 19, the conditions chosen 


diameter, and to be driven lrom a two-speed countershaft. 
speeds are required from 43 up to 300 I.p.m., the corresponding 
range in Table 1 of ideal speed ranges being 18 silly varying 
I000 X 4.5 
from 1000 down to gee ie si 
By looking along horizontal line No. 18, we find that 14.6 in the 


22 per cent. column is the nearest figure to 15, and gives probably | 


a near enough percentage for the purpose. If a greater degree of 

accuracy be required, the percentage of drop can be slightly changed 
to suit, but as the adjacent columns only vary from each other by 
a difference of 1 per cent., the table will be found to fulfill all 
practical requirements. - 

The required speed range will then have a drop from speed to 
speed of 22 per cent., with 300 as a maximum. 

Plot out the speeds in a similar manner to the first example by 
calculation or slide rule, as shown in Fig. 20. 

It should be noted that Fig. 20 has exactly the same general form 
as in the first example, an extra division, however, being required 
for the extra gear ratio. The calculation is just as simple as in the 
first example, although rather longer, and it will be shown later that 
the method is equally applicable to the most complicated arrange- 
ments of gearing. 

The countershaft speeds will be 234 and 111 per min., as will be 
seen by inspection of Fig. 20, being equal to the second and fifth 
spindle speeds. 

The largest diameter of cone pulley is given as 18 ins. 
18 X 234 
300 
pulley will therefore have diameters of 14, 16 and 18 ins. 


The small- 


est diameter will therefore be =14.4, say 14ins. The cone 


Arrangement of speeds: 
Ist group: 6 speeds, direct. 


A € 
2d group: 6 speeds, B Xp =4-44 to I. 
D 
19.—Lathe headstock with double back gears. 
speeds 234 and 111 r.p.m. 


E 
3d. group: 6 speeds, = F X;=I0.7 tor. 


Fic. Countershaft 


The two gear ratios may be found by inspecting the table of speeds, 
from which it will be seen that the ratio required for the low gear 
is in the proportion of the first to the seventh speed. 

= 300 :67.7=4.44 tor 

The ratio for the high gear is in the proportion of the first to the 

thirteenth speed. 
= 300 :15.2=19.7 tor 

This gear ratio is exactly the square of the first gear ratio. The 
three divisions of speeds will thus have gears forming a geometrical 
progression with a common ratio equal to the first gear ratio thus: 


Single speed First gear Second gear 
I IX4.44 IX4.44X4.44 
or I 4.44 19.7 


The above holds good for all arrangements planned by this method, 
no matter how many gear changes may be used. 


are that the cone pulley shall have three steps, the largest 18 inso9 


Eighteen — 


Pars ie om 
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The required data are now complete, and the speeds may be laid 
- out as in Fig. 21. 

In the lowest line of Fig. 21 the percentage of drop from speed 
to speed is given, and it will be observed that this is very close to 
the 22 per cent. aimed at. If all the figures were worked out to 
sufficient places of decimals, exactly 22 per cent. would be obtained. 
It is not necessary, however, to overdo the calculations, or much 


1st Group 
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The largest diameter of the cone pulley is given as 24 ins. The 
smallest diameter then by formula (b) 


_ largest diameter of cone fast countershaft speed 
quickest speed of cone 
= 24K 124 8 
150 sar 
The cone pulleys will therefore have steps 


Sas 19.840, 21.227, 22.614, and 24 ins. diameter, the 


Direct Speed or 
| Low or High Gear 
% CounterShaft 
Fast or Slow 
Step of Core 


Direct Speed 


diameters being in arithmetical progression with 
a common difference of 1.387 ins. 

If the drop in diameter between the steps of the 
cone is considerable, or if the drive is very short, 
it would be necessary to calculate the interme- 


High Gear 


diate speeds separately, as equal differences in 


86.5 | 67.5 | 52.6 


2 1 2 
234 | 182.5 |142.3] 121 


diameter do not give equal percentages of speed 


Fic. 20. 


1st Group 2nd Group 


change. The calculation is made as follows: 


” Let «=diameter of required step of driven cone, 


3rd Group y = diameter of required step of driving cone, 


Direct Speed or 


Direct Speed Low Gear 


Low or High Gear 444 tol 


Counter-Shaft 


a=largest diameter of cone pulley, 
b=smallest diameter of cone pulley, 
c=intermediate speed required, 
d=speed of driving cone. 


Then 


High Gear 


ad+bd 


x= 


FIG. 2m. 


Fics. 20 and 21.—Preliminary and final speed determinations for the case of Fig. 10. 


time can be wasted without any corresponding gain. In many cases 
the gear ratios obtainable will introduce a slight error, which would 
more than extinguish the extra accuracy so obtained. In all prac- 
tical work approximations are permissible, providing that the errors 
are small and are known. ‘The gear should be proportioned to give 
the above speeds as nearly as the pitches will allow. 

For more complex arrangements of back gears, as shown in Fig. 22, 
it is assumed that it is desired to find the correct proportions of gears 
and cone pulley for a headstock arranged to run direct or through 
any of four separate ratios of gearing, the cone pulley to have four 
steps, the largest diameter being 24 ins., and driven from a two- 
speed countershaft giving 40 speeds varying from 1 up to 150 per 
min. Fig. 22 shows the arrangement in diagrammatic form. The 
total ratio of speed range required being 150 to 1, the corresponding 


Sea Te 
(e) 


range in the table will vary from 1000 down to 


By examining horizontal line 4o in the table we find that 6.7 in 
the 12 per cent. column is the nearest figure to 6.66, and is near 
enough for the purpose. 

The required speed range should then have a percentage of drop 
from speed to speed of 12 per cent., with 150 as a maximum. Plot 
out speeds, following the same method as in the previous examples, 
as shown in Fig. 23. 

The cone pulley in this example has four steps and the counter- 
shaft speeds must therefore be calculated, there being no middle 
step. 

The fast countershaft speed, by formula (a) 


=150X/- 70? 123. 6, 
150 
say, 124 r.p.m. 


The slow countershaft speed may be found from the table of speeds 
given in Fig. 23, being equal to 
fast countershaft speed 
ratio of 1st and 5th speeds 


ia 250 
124 = 74-4 


on eas a+b—x 


To determine the gear ratios in the last example 
it will be seen by inspection of Fig. 23 that the 
ratios required for the four sets of gears are in 
the proportions of the first speed to the ninth, 
seventeenth, twenty-fifth and thirty-third respectively. These ratios 
are in geometrical progression with a common ratio of 2.783 to 1, and 
work out at 2.78, 7.74,21.55,and 60. As the ratios of the various 
sets of gears are in geometrical progression, the first gear ratio only 
need actually be calculated, the second, third and fourth ratios being 
the square cube and the fourth power respectively of the first. 

Comparison of Figs. 23 and 24 shows that the desired range of 
speeds has been obtained within limits that are as accurate as the 
requirements. 


J 


A, B, C are equal gears. 
D, F H K 
1 OBS 5 
Arrangement of speeds: 

1st group: 8 speeds, direct. 


are equal ratios=2.78 to r. 


AD 
2d group: 8 speeds, B x ae 2.78 to I. 


v7 Wee slaty 9) 
3d group: 8 speeds, C XGEXF R774 tor. 


d a Bee tor 

4th group: 8 speeds, BX TX@ Ba 2155 : 
d Ree ie hn DP 

sth group: 8 speeds, CXL* 7X G* E7° to 1 


Lathe headstock with multiple back gears. Countershaft 


speeds 124 and 74.4 r.p.m. 


Fic. 22 
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2nd Group 3rd Group 4th Group [ sthGrow 


ear 
| | 


sh 
Fast or Slow 


1st Group 


Direct Speed Fe 
or SSS 
AIst,2nd,3rd or 4th Gear Direct Sp eed 


Counter-shaft 
Speed >>— 


Step of Cone 


iia 


20 | 22 hes pu.ciaz ¢ |7.#|.26|cas 
7| 22 22 fers] 22 | 22| 22 [21-8] 22 | 22 


Fic. 24. 


Fics. 23 and 24.—Preliminary and final speed determinations for the case of Fig. 22. 


TABLE 2.—SPEEDS IN GEOMETRICAL PROGRESSION 
Increasing Speeds from the Lowest as the Starting Point 


St $210 | tear rere | Trg ee. E.15e|at.50 | ekok 1.18 | 1.18 x20 | x.ax | x.22 | x i 
progression ; ; : =o ae E : eed ‘ 4 Beast Sass i 
I I I zt I I I I I I I a oe r I I I I 
2 PLO) eres ees AE F3) atsed I.I5 I.16 17 I.18 I.I9 1.20 1.21 1.22 1.23 1.24 1.25 1.26 
3 T.20) 2-23) E525] 2.28} *f.30 I.32 1.34 §.37 1.39 I.41 1.44 1.46 1.48 1.51 1.53 1.56 1.58 
4 1.33; I.37| 1.40; 1.44, 1.48 me52 1.56 1.60 1.64 1.68) 272 I 77| 1.81 1.86 I.90 1.95 2.00 
5 5.46] 52)" £2571 1.63)) 2.09) I.75 I.81 1.87 1.94 2.00) 2.07 2 * 2.21 2.28 2.36 2.44 2.52 
6 1.61] 1.68] 3.76] 1.84) 1.92 2.01 2.10 2.19 2.20 2.38) 2.48 2.59] 2.70 2.81 2.93 3.05 3.17 
7 1.77] 1:87] E-07| 2.08] 2.19 2.31 2.44 2.56 2.70 2.83 2.98 3.13] 3.20) 3-46 3.63 3.81 4.00 
8 5.95] 2.07) 2.22] 2.35) 2.50 2.66 2.83 3.00 3.18 3-36 3.58 3-79) 4.02 4.25 4-51 4.76 5.04 
9 2.54|-2-30|°2.47| 2.06) 2.85) ~s-06/) 3.28] g.55 3-75} 4-00) 4.30 4.59] 4.90 5.23 5.59 5.95 6.35 
I0 2-36] 2-55] 2-77). 3-00} 3225] ° 3-52). 1 S-S0|| 4.2% a 4.76] 5.16] 5.55] 5-98 6.44) 6.93) 7-44] 8.00 
II 2-50]2.84| 3.20) 3.39] 3-70 4.04 4.41 4.81 5.23} 5.66) 6.19} nl « 7.92 8.59 9.30) 10.08 
12 2.85} 3-25| 3-471 3-83) 4522 4.65 5.12 5.62 6.17| 6.73 7.43 8.13) 8.90) 9.74) 10.66) 11.63] 12.70 
13 3-14] 3.49] 3.890] 4.33] 4.81 5.34 5.94 6.58 7-28) 8.00 8.91) 9.84) 10.86) 11.98) 13.22) 14.54) 16.01 
14 3-45| 3.88] 4.36] 4.89] 5.49 6.15 6.89 7.70 8.59] 9.51} 10.70} cacaal 13.25) 14.74) 16.39) 18.17] 20.17 
Is 3.80] 4.30] 4.88| 5.53| 6.26/ 7.07; 7.99] 9.00| 3o.13{ 31.31) 12.841 314.41, 16 17} 18.23] 20.32) 22.71] 25.42 
16 4.18] 4.78] 5.47] 6.25] 7.13 8.13 9.27| 10.54) 11.06] 13.45) 15.41 eit — 22.30) 25.20) 28.39) 32.02 
17 4-59] 5.30] 6.12} 7.06) 8.13 9.35] 10.75] 12.33} 434.11] 16.00 18 .49| 21.10) 24.06) 27.43| 31.25) 35.49) 40.35 
18 5.05] 5.88] 6.86] 7.98] 9.27] 10.75] 12.47] 14.42) 16.65] 19.03 22.19] 25.53} 20.36 33.73| 38.75} 44.37] 50.84 
19 5.56] 6.53] 7.68] 9.02{ 10.57] 12.36] 14.47] 16.87} 10.65| 22.63] 26.62 30.89) 35.82) 41.40) 48.05) 55.46] 64.06 
20 6.11] 7.25] 8.60] 10.19] 12.05) 14.22) 16.78) 19.74] 23.19} 26.91] 31.95) 7m 43.70) 51.04) 50.58) 69.33} 80.72 
| 
21 6.72] 8.05] 9.64] II.51| 13.73] 16.35] 19.46] 23.10] 27.36) 32.00] 38.34 45.221 53.31) 62.7 73-89) 86.66) 10r.7 
22 7-40} 8.93/10.79] 13.01] 15 65] 18.80) 22.58] 27.02) 32.28] 38.05) 46.01 54.72 65.04) 77.22 or .62| 198% 
23 8.14] 9.91!12.09] 14.70] 17 85] 21.62) 26.19] 31.62} 38.00) 45.25! 55.21] 66.21 79.35) 904.08] 113.6 162.4 
24 8 .95/II.00]/13.54] 16.61] 20 35] 24.86) 30.38] 36.00] 44.95] 53.82] 66.26) 80.12] 06.81) 116.8 140.8 sagt 
25 9 .85]/I12.21/15.16] 18.77] 23 ro] 28.59] 35.24] 43.28] 53.04] 64.00 256.3 
26 10 .83]/13.56/16.98] 21 21] 26.44] 32.88) 40.88] 50.64) 62.50) 76.11 323.0 
27, II.QIJI5.05/19.02] 23.97] 30.14] 37.81 47.42 59.25 73.86) 90.51 407.4 
28 I3.10}16.70/21.30| 27.08] 34.36] 43.48] 55.01] 60.32] 87.15] 107.6 oe 
290 14.41/18.54/23.86] 30.60] 39.17] 50.01] 63.81] 81.11] 102.8 | 128.0 6. sé 
30 15 .86/20.58/26.72] 34.58] 44.66) 57.51] 74.02] 94.80} 121.3 ] 152.0 seate 
31 17.44 aaVig 29.92] 39.07] 50.91} 66.13] 85.87] I1r.0 | 143.1 ] 181.0 
32 19.10/25 .36/33.52] 44.15] 58.04) 76.05] 909.61] 129.9] 168.9 | 215.3 ae 
33 21.10/28.14/37.54) 49.80] 66.16] 87.46) ITI5.5 |] I5r.9] 190.3 | 256.0 a 
34 23 .21/31.24/42.04] 56.38] 75.43] 100.5 | 134.0 | 177.8 | 235.2] 304.4 
35 25 .54134.68147.09] 63.70] 85.090) 115.6 | I55.5 | 208.0 | 277.6 | 362.0 I50I.0 
36 28 .00/38.49|52.74] 71.90] 98.02} 132.0 | 180 7 1052.0 |r400. 
37 30.90/42.72/50.06] 81.35/111.7 | 152 9 708.9 | 954.9 |1284.0 
38 33 -99]47 .42/66.15] O1.92/127.4 | 175 9 850.7 |1155.0 |1566.0 
39 37 .39]52.64/74.00]103.8 |145.2 | 202 3 
.O8| 117. 165.5 6 
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TABLE 2.—SPEEDS IN GEOMETRICAL PROGRESSION—(Continued) 
Increasing Speeds from the Lowest as the Starting Point 


| Ratio of 
& progression 


Lal 


nap wn 
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cl 
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Now 
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Number of speeds 
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CoO OND 


Rw NN N DH 
ae wWN HA 


®S NNN HN 
oO OND 


w 
cal 


Increasing Speed Ratios _ 


In the above arithmetical solution the series begins with the high- 
est speed from which the others are obtained by working downwards. 
In the United States the opposite procedure is more common, the 
lowest speed being taken as the starting point and the others obtained 
by working upwards. Table 2 (Amer. Mach., March 2, 1916) is a 
companion to Table 1, but arranged in accordance with American 
practice. 

The use of Table 2 is as follows: Find the desired ratio of the pro- 
gression at the top of one of the columns. The numbers in this 
column are multipliers which, multiplied by the lowest speed in 
I.p.m., give the other speeds of the series, the multiplier for the high- 
est speed being the over-all ratio of the set. More often the problem 
must be worked in the opposite direction, in which case divide the 
highest by the lowest desired speed, thus finding the over-all ratio 
of the set. In the left-hand column find the number of speeds 
desired and follow its line to the right until the nearest value to the 
over-all ratio is found. At the top of this column will be found the 
ratio of the progression, the numbers in the column forming, as be- 
fore, multipliers which, multiplied by the lowest speed, give the 
other speeds of the set as accurately as is possible without smaller 
ratio increments, those given being small enough for all practical 
requirements. 

A column based on Mr. BArtu’s ratio (\/2= 1.189) is included. 
In this series each speed is exactly twice that of the fourth one above 
it. This relation is most convenient and the low value of the ratio 
of the progression permits close adjustment of the speed to the re- 
quirements. It, however, introduces more speeds than many de- 
signers will admit. In such cases the modified ratio (4/2 =1.41) 
which is also included in the table may be used if it is not considered 
too large, which it usually should be. In this series each speed is 
exactly twice that of the second one above it. 


41.08 57.65 80.03 109.9 
59.56 86.48 I24.0 175.9 
86.37 129.7 192.2 281.4 
E25 ae 194.5 298.0 459.3 
I81r.5 2901.8 461.9 720.6 
263.3 437.8 TEBEO) II52.0 
381.8 656.7 II09.0 1844.0 
553.6 985.0 1720.0 
802.7 1477.0 
1163.0 
1687.0 


Prevailing values of the ratio between successive speeds formed the 
subject of an investigation by Pror. A. Lewis Jenkins (Amer. Mach., 


A pr. 13, 1916) who examined about 400 lathes and other tools. The 
average values found for lathes of American make are as follows: 


Average value 


Type of lathe of ratio 
Three-step cone, double back gear, 9 speeds....... EOS 
Three-step cone, double back gear, 18 speeds...... re22 
Four-step cone, single back gear, 8 speeds......... .69 


Four-step cone, single back gear, 16 speeds........ 
Five-step cone, single back gear, 10 speeds........ 
Five-step cone, single back gear, 20 speeds........ 
All-geared head sSispeedsercei.eatefania ne dere 
All-peared heads 2 SpeedSeter anit etter ier 
AllEveared heads 16 speedst nie ernaeree als ate 
All-geared head} 18 speeds ss-cnqses ese esis este oe 


HH ewe RH WH HH H H 
is} 
io) 


a28 


Taking the average of these values for 8, 9 and to speeds gives 
1.58, and for 16, 18 and 20 speeds gives 1.25. 

For radial drilling machines having 20 spindle speeds the values 
vary from 1.27 to 1.35, the average being about 1.3. The value for 
vertical drilling machines having 8 spindle speeds varies with the size 
of the machine and is equal to r=.9675.5’7 where S= size of machine 
which gives 1.49 for a 20-in. machine and 1.61 for a 36-in. machine. 
A constant ratio of 1.44 has been proposed for vertical drilling ma- 
chines having ro spindle speeds. 

The high values accompany a low number of speeds and are the 
result of the attempt to cover a wide total range with an insufficient 
number of speeds. 

Planetary Back Gears 


The proportions of planetary back gears have been worked out by 
E. J. Lees (Amer. Mach., March 1, 1906) as givenin Table 3. Three 
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idlers are used to give correct balance when locked up and driven 
direct. The general arrangement is shown in Fig. 25, which neces- 
sitates that the number of teeth in all gears shall be divisible by 
three. 


TABLE 3.—PROPORTIONS OF PLANETARY BACK GEARS 


Size No. esi ese WacAvulleoeale Onley 8 | 9 | 1o |r| 12 
Diam. of pulley..... 8 | 8 |ro |zo |12 |12 |I5 ES) | £51) 55, 1ES~ | ew 
Face of pulley......- 3. | 3 | 33] 32] 43] 43] 53] 53] 6%) 63) 73) 73 
Width of belt....... 24) 24) 3) 3 | 4A eas 5 6 6/7 7 
Approx. h.p. at 300 | 23| 23| 4%| 42) 72] 73|1z | 12 | 13 | 13 |18 | 18 

T.p.m. 
Shaft diam. D....... re| 14] rd] 13] x] 18] 13 rz} 2 2|3 3 
Pitch diam. pinion A| 23] 44] 24| 57] 2 |] 54] 24) 6] 3] 9/5 | 13 
No. teeth in A...... 18 /36 |18 |36 |18 |36 |18 42 | 18 | 54 |15 | 39 
Pitch diam. internal | 9 | 9 |107/103/10 {107/128} 12%| 18 | 18 |25 | 25 
gear B. 
No. teeth in B...... 72 |\72 \72 |\72 172 |\72 |90 90 |108 |108 |75 | 75 
Pitch diam. idler C..| 33] 24] 39| 24] 37] 27] 53] 3%] 73] 43/10 | 6 
No. teeth in C...... 27 |18 |27 |18 |27 |18 |36 24 45) | 27 30°) 38 
Nol of adilerss......... SU las ilasy ASaeS. leah led zi 3 3 ina 3 
Diam. pitch of gears.| 8 | 8) 7 |-7 | 7 | 7 | 7 7 6 6) 3 3 
Face of gears....... ri) 12] 14] 13] 1B} 1§| 213 rz} 2 23 2 
Bales 5 WS) |S id | O 1S. T4zieeye hs \n6 12-023 
RaAtHO arias oir he eee oe to | to/ to} to| to} to} to] to to | to | to} to 
Ty areata lee MCG oes I I TA | ex I 
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Fic. 25.—Planetary back gearing, 


Gear Ratios for Motor Drives 


Gear ratios for motor drives as pointed out by W. Owen (Amer. 
Mack , March 28, 1907) are frequently arranged to advance in multi- 
ples of the total speed ratio of the motor—a method which results in 
the highest speed with each gear in, duplicating the lowest with 


Fic, 26. 
Fics. 26 and 27.—Back gear ratios for motor drives. 


HG. 27. 
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that gear out and in reducing the total range. These results are 
shown in Fig. 26, in which the motor ratio is three to one. Were 


the speeds made to advance as the gears are thrown out the result 
£22) 
would be that shown in Fig. 27, which gives a total range of 81 5 


1.51 times that of Fig. 26. 
The speeds of variable-speed motors are frequently arranged in © 
arithmetical progression, as indicated in the illustrations which, while 
not as it should be, does not prevent the gear ratios being in geomet- 
rical progression thus giving most of the advantages of that system. 
Let S=highest motor speed, 
s=lowest motor speed, 
n=number of speeds on motor, 
r=ratio of advance. 
Were the speeds of the motor arranged in geometrical progression 


the ratio of advance would be 
n-lic 
Bs 
A = ibe 
s 


and, using this for the gear changes, the ratio of first gear change 
( Ss n 
-(V) 
. f n-1 iS\ 2 \ 2 
ratio of second gear change= \ ( °) f 


and so on for the other gear changes. : 
Table 4 of back gear ratios for motor drives gives the correct gear 
ratios for most cases arising in practice. 


TABLE 4.—Back GEAR CHANGES FOR Motor DRIves 


& by Ratios of gear changes 

3 Es alsa |s4 
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Gear-box Construction 


The substitution of gear boxes for cone pulleys in feed gearing for 
machine tools has led to numerous constructions. The following 
analysis of some of the leading arrangements by A. M. Sosa (Amer. 


Mach., Feb. 1§, 1906) will be of assistance to beginners in this field 
of work, 
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Fig. 28 shows the most usual way of applying the cone-gear 
‘mechanism, in which R indicates the driving and D the driven shaft. 
This arrangement is most economical for drives, where the power 
transmitted is constant. The largest gear gives the slowest speed 
and maximum torque, the smallest vice versa, and the pressure on 
all gear teeth, as well as lineal velocity, is constant. 

Fig. 29 is the inverse of Fig. 28. The cone is on the driving and 
the sliding pinion on the driven shaft, 
which may be connected to the feed 
screw, or it may be the feed screw 
itself. The sliding pinion is of the 
same diameter as the largest cone-gear, 
and gives the 1 to 1 rates, which is the 
fastest, and requires the maximum 
torque. 

This construction gives low speeds, 
as one revolution of the screw gives a 
feed equal to its pitch, and very coarse 
pitches are most in use. The power 
is a maximum for the coarsest feed 
and is transmitted through two large 
gears instead of two small pinions. 
The large gear on the screw reduces 
the pressure on the gear teeth, per- 
mits the use of small pitches and gives 
a compact arrangement. 

At the same time an increase of 
lineal velocity of the gear teeth is the 
result, but this is a rather desirable 
feature when low speeds are concerned. 

The ratio of speeds obtained by this : a a 
method is as the ratio of the diameter Lei 
of the largest and smallest cone-gears. Ae ee 

For a ratio 4 to 1, starting with a 


¢ 


Threads per Inch 


Fast 


In Fig. 33 the number of teeth are given, the smallest pinion 
having 14 and the largest gear 28 teeth. The first two gears at the 
left are keyed to shaft R, the other two running loose on a sleeve. 
The cone runs loose and is in one piece. Both clutches slide on keys 
on the cone shaft, and the other three gears run loose on the cone 
shaft. This arrangement seems very convenient for screw cutting. 
The table of threads per inch is shown in the figure. When the feeds 


PIG3i. 


1 
2 


Fic. 35, 6% 


14-tooth pinion, the largest would be 
a 56-tooth gear. This difference in 
diameter of gears is cumbersome and 


marks the limit as to the cone ratio. 
Next to the feed-gear box or in some 


n 
other part of the machine is usually Es 


found a second box containing four 


gears and a clutch, called the speed a 2 


clutch box, which is nothing more than 
a back gear. 

It seems more economical, when 
possible, to place this back gear on the 
cone gear itself as shown in Fig. 30, in 
which the cone is in one piece and 
runs loose. The clutch slides, keyed 
on the shaft, and transmits the mo- 
tion to the cone directly or through 


338 tort 


2 4 6 
Speed Numbers 


Bic. 37. 


8 10 12 14 16 18 2 


Speeds of Figs.36 and 39. 


the back gear. With gears 4 to 1 in 
diameter, as shown, 4 ratio of feeds of 
32 to r in round numbers is conven- 
iently obtained. 

Fig. 31 shows a combination for six 
feeds, speed ratio 12 to 1, and gear 
ratio 3 to 1. This is operated by one lever, the tumbler lever only. 
If the running speeds are low, it does not seem to be an objection 
to have all the gears running. ' This cone is in two parts; the three 
gears at the left are keyed to shaft R and the three at the right 
run loose, are in one piece on the same shaft and receive motion 
through the back gear as shown. Compounding two cones in this 
manner gives a very large ratio, with relatively small gears. 

Fig. 32 illustrates the use of four gears with a diameter ratio of 
2 to 1 only, giving a ratio for the cone of 8 tor. The arrangement 
is the same as in Fig. 31. 


Fics. 28 to 40.—Typical arrangements of geared feed boxes. 


per inch are arranged in successive groups, and each group is a multi- 
ple of the previous one, the gear ratios can be easily seen. The last 
group gives more directly the ratios of cone gears. The first number 
of first and’second groups, gives the ratios for the clutch gears 1 to 
1—2to1. The first number of the third group (4), gives the back- 
gear ratio 4 tor. And the first number of the last group is the prod- 
uct. of clutch gear (2) and back gear. (4), and represents their 
combination. 

Fig. 34 represents a type of drive with cone and sliding gears. 
The compounding of cones suggested for feed gears would not seem 
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advisable for the reasons previously explained, but compounding 
the tumbler gear would not change the conditions materially, and 
double the number of speeds may be obtained. What is generally 
the idler is, in this case, made of two gears in one piece, running loose 
on the stud. The ratio of these gears is equal to the percentage of 
increase of the two next speeds, in this case about 1.2 to 1. The 
cone gears are spaced at a distance equal to the width of face plus 
clearance. ‘The gears are drawn to scale, relative to each other, and 
represent a geometric progression of 16 speeds with a ratio of 20 to 1. 
The total number of gears used is only nine. 

For heavy drives it is not possible to make combinations in the 
manner previously stated, and the back gears are more successfully 
grouped separately. 

Fig. 35 shows acombination of four gears. The ratios are as I, 
2k, 64 and 153, tox. Different considerations enter into this prob- 
lem, such as the distribution and the alignment of bearings, the 
elimination of sleeves and running fits under pressure or torsion 
and reducing the number of clutches, operating levers and 
interlocking devices. 

Other typical gear box arrangements are discussed by H. T. 
Mitxrar (Amer. Mach., Dec. 14, 1905) as follows: 

It is possible to obtain twenty-one changes in geometrical pro- 
gression with twelve gears and four shafts. Fig. 36 is a develop- 
ment of the motion, the dimensions of which show the relative sizes. 
It is always better to lay the gears out in this manner first, then to 
figure the absolute sizes in consideration of the actual requirements 
of the case, which may limit the size of the largest or smallest of the 
gears. The speed ratio is 34 to 1 and the rises are shown in the 
chart, Fig. 37. Wheels J, J and K, Fig. 36, gear with corresponding 
wheels H, F and B. I,J and K are mounted on a splined shaft, 
which is the final shaft of the motion. The connection between 
pinion A and the train BC—H is made by the ordinary sliding wheel 
and tumble shaft, not shown; the third shaft of the motion M has 


seven speeds of revolution, corresponding to the gears mounted on’ 


it. For each of these the final shaft V has three, obtained by put- 
ting either J, J or K into gear. Obviously only one of these must 
be in mesh at a time, and it is an advantage to have only one handle 
to move them. If two handles are used they must be interlocked. 


Combinations of Gears 
BE BF CD CF BD AD AF AE CE 
BD|AD|AF are BF | BE|CD| CF 
eee 
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20 + | 
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ea : 
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Fic. 41.—Speeds of Fig. 42. 


The details of a cam arrangement are shown in Fig. 38. The stir- 
rups slide loosely on the rod M, and are moved by the pins running 
in the cam, which turns half a revolution. 

Returning to Fig. 36, the dimensions of the gears BC—H rise in 
geometric ratio and need no comment. 

With some rises it is impossible to obtain a correct ratio between 


F and J, having to keep a fixed center distance, and Fig. 39 shows 
In a similar manner four pairs of wheels 
could be used, giving four changes for every speed of the shaft 
The wheels on the driven shaft would need to be coupled 
together in pairs and moved in and out of mesh by a cam, or a pair 


the obvious remedy. 
above. 


of interlocking segments to be described later. 


When there are only two gears on the driven shaft, as on the 


Brown & Sharpe gear cutter, the segment A, Fig. 40, provides a neat 
method of moving the slow and fast gears. As is evident from the 


Fic. 42.—Typical arrangement of geared feed boxes. 


sketch it moves one gear out of mesh before putting the other in, 
and prevents the breakage which might occur through leaving both 
gears half in mesh. It also enables the gears to be put in while in 
motion if necessary. The rings R, kept from revolving by a rod 
passing through eyes at the back of the shaft, have semicircular 
pins set in them. Starting at the top sketch, the ring R; is moved 
endwise until the pin S comes out of the recess in the segment. 
At that time the end of the segment comes in contact with the 
other pin 7, moving it along; the pin S being now clear of the 
segment. 

The great advantage of all these arrangements is that no gear is 
in mesh except those actually doing the work and the number of 
these is kept at a minimum. 

If the speeds shown in Fig. 41 are near enough to correct pro- 
gression, the layout of Fig. 42 meets some cases. It is impossible 
to obtain absolutely correct rises, but those shown are near enough 
for the majority of purposes. As shown there are eighteen changes 
with a ratio of 34 to 1. The three wheels keyed on the left-hand 
end of shaft G are stationary endwise. The sliding wheels CBA 
and DEF are moved on their shafts by cams laid out on both sides 
of plate P. Lever R fulfills a double purpose; it acts as an index for 
the nine different positions of the cam plate and it also stops the 
gears before any change takes place. When the plate is turned, it 
lifts lever R, which is connected by a shaft to clutch S. The clutch 
K puts in either the slow or fast gears. If the motion had to be 
placed in an inaccessible position a bevel or other gear could be 
mounted in place of the handle, and connections made by shafts 
to some convenient position. 

It is well to notice that the wheels in this motion should have 
varying widths. Each wheel has a different periphery speed and 
consequently a different load on the pitch line. 


| 


SPUR GEARS 


The movement away from the epicycloidal and toward the in- 
volute system of gear-tooth profile has now reached the point where, 
for gears of small and moderate sizes, the involute system is prac- 
tically universal. The details of this system are, however, still a 
subject of controversy. For heavy mill gearing, whether cut or 
cast, the epicycloidal system is still in large use. 

Fig. 1 illustrates the generation of an involute. Two rollers, the 
circumferences of which are the base circles, are connected by a 
tangent cord which carries a tracing point as shown. When the 
parts are moved as shown by the arrows, the cord being kept taut, 
the tracing point traces an involute on the card abcd attached to 
the lower roller. This involute is a correct tooth profile for the lower 
one of a pair of gears having pitch circles as shown. The profile 
for the upper gear is traced in the same way by attaching the card 
to the upper roller. 

In order to satisfy the geometrical conditions it is only necessary 
that the diameters of the rollers have the same ratio as the pitch 
circles. Since an indefinite num- 
ber of rollers having a given ratio 
are possible, it follows that an 
indefinite number of involutes 
and tooth profiles are possible 
for every pair of pitch circles. 

The line ef of the cord is the 
line of action and the angle egh 
between this line and the com- 
mon tangent to the pitch circles 
is the angle of obliquity or the oe 
pressure angle. This angle is 
obviously determined by the 
diameters of the base circles 
selected and the value of the 
angle is the leading subject of 
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Fic. 2.—Interference of involute 
gear teeth, 


Fic. 1.—Generation of an 
involute. 


A feature of the involute system is the interference between the pro- 
files when high- and low-numbered gears are in mesh. This inter- 
ference, for a pressure angle of 

14% deg. and between a twelve- 

tooth pinion and a rack is illus- 

trated in Fig. 2, which shows how 

the outer end of the rack tooth 

cuts into the flank of the pinion 

=< tooth. The interference grows 
less as the number of teeth in 
the pinion is increased and in 
gears of the 14$-deg. system 


a 
Vee 


ws having the usual addendum, it 

re disappears with a pinion of 30 
Byte teeth meshing with a rack. 

4 x Fig. 2 shows the interference 

ef for true involute teeth of 14} deg. 

‘ obliquity which, as a matter of 


controversy. p = Diametral Pitch fact, are not made. ‘The discus- 
TABLE 1.—DETAILS OF INVOLUTE GEAR-TOOTH SYSTEMS 
Hunt Logue Fellows Adamson 
Brown and Sharpe | Sellers stub tooth stub tooth stub tooth | stub tooth i 
TTS pagel its [2 Oe ee eI oe 142 deg. 20 deg. 14% deg. - 20 deg A 20 deg. 15 deg. 
GENIN ae ot ee. oe sed sales od. _3183P or = ae oeP ort 25P or 7°54 | See below for 2 gr 
f : ae 7 on values of 
igang hy oe ooecoes ee cm are ree .6366P ors 50P or — 50P or : addendum. 50P 
1.72 
IOLEUCLED EM t epee: 2 ste etcln'e vn 21m yo % 6866P or 2222 ‘city REE See ote 55P or oS swe 
(Cla RECe eo al iar nes eee yO5E * OY, saith .o5P osP or 7 ae osP or ae .o7P 
Values of Fellows Addendum % - 
lbigerpeiegll stelle oa ercin onto abi HOOT A GAO Ye AS TOYS) 12 


Jie VelaaValthool 3506 @ pio 6 OOO OIMOeO oad oat. 


Involute Tooth Systems 


The most common pressure angle is 144 deg., being that of 
the Brown and Sharpe system.!_ The pressure angle of the Sellers 
system—due to Wilfred Lewis—is 20 deg., which also is the 
angle of the Fellows? and Logue stub-tooth systems. The Hunt 
stub-tooth system has an angle of 14} deg. 


1The Brown and Sharpe Mfg. Co. make cutters for other as well as for 


the standard angle. 
2The Fellows Gear Shaper Co. make cutters for a pressure angle of 14} 


deg. also. 
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sion of the angles has been obscured by its limitation to true 
involutes. As made by the Brown & Sharpe Mfg. Co. the 
tooth outlines, whatever the obliquity, are modified by rounding 
the points of the teeth in order to accommodate unavoidable im- 
perfections of workmanship and bring about more quiet action. 
This rounding also permits filling in the undercut of 143 deg. low- 
numbered pinions, thus restoring most of the loss of strength due 
to the undercut of unmodified involute profiles. 

The advocates of unmodified involute profiles urge an increase 
of obliquity as a means of avoiding the undercut. As the angle 
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is increased the number of pinion teeth requiring modification for 
interference is reduced until, with an angle of 223 deg., the length 
of the tooth remaining unchanged, it disappears under the extreme 
condition of a 12-tooth pinion meshing with a rack. 

Most constructors have hesitated to adopt so large an angle and 
a compromise suggestion has been made to increase the angle to 20 
deg. and at the same time reduce the length of the teeth. The 
Fellows and Logue stub-tooth systems (the latter used by R. D. Nut- 
tall Co.) embody these features. 

The shorter tooth has also been strongly advocated for heavy 
mill gearing. It seems to have found greater adoption for this pur- 
pose in England than in the United States, the chief user in the latter 
country, so far as known to the author, being the C. W. Hunt Co. 
The object of this change in heavy gearing is to secure increased 
strength. Shortening the teeth without increasing the pressure angle 
will not avoid interference with pinions having as few as 12 teeth. 
The C. W. Hunt Co. prefer not to use pinions having less than 19 
teeth. 

Table 1 gives the principal details of the above-named systems 
and of the Adamson (British) system, the notation being given in 
the illustration above the table.1 The Adamson (Jos. Adamson & 
Co.) system is based on the recommendations of Michael Long- 
ridge, the leading advocate of the stub tooth in Great Britain. 


Dimensions of Gear Teeth 


The dimensions of gears by diametral pitch and of the Brown and 
Sharpe standard may be determined from the well-known formulas 
of Table 2 by the Brown & Sharpe Mfg. Co. in which 


p=diametral pitch or the number of teeth to1z in. of diameter 
of pitch circle. 

P=circular pitch or the distance from the center of one tooth 
to the center of the next on the pitch circle, ins. 


D’=diameter of pitch circle, ins. 
D=whole diameter, ins. Larger 
N =number of teeth wheel 
V =velocity These wheels 
d’ =diameter of pitch circle, ins. | run together 
d=whole diameter, ins. Smaller 
n=number of teeth wheel 
v=velocity 


a=distance between centers of the two wheels, ins. 
b=number of teeth in both wheels. 
t=thickness of tooth or cutter on pitch circle, ins. 

D"” =working depth of tooth, ins. 
f=amount added to depth of tooth for rounding the corners 

and for clearance, ins. 
D" +f=whole depth of tooth, ins. 
= =3.1416. 


The examples placed opposite the formulas are for a single wheel 
of 12 pitch 6.166 or 67%; ins. diameter, etc., and in the case of the /wo 
wheels the larger has the same dimensions. The velocities are 
respectively 1 and 2. 

A list of tooth parts according to the Brown & Sharpe system will 
be found in Tables 6 and 8 and a list of useful multipliers in Table s. 
See also Table ro. 


1In one respect the notation of the illustration is not in universal use, 
some writers defining dedendum as the entire depth below the pitch line = 
dedendum +clearance as here defined. 


TABLE 2.—FORMULAS FOR DIMENSIONS OF INVOLUTE GEARS 
OF THE BROWN AND SHARPE STANDARD 
FOR A SINGLE WHEEL 


Formulas Examples 
Ni oe iets 7242 
—_ = , = = I 
Dp fea (2) 
N 
p= papers, (2) 
DXN 6.166X72 
/ — = => = 
wets 7a+2 (3) 
Dm ee, (4) 
2 
N=pD! =12X6=72. ~ (5) 
N=pD—2=12X6.166—2, or 12 X6y5—2=72. (6) 
oN 42 4722 2 (7) 
D= ? = =6.166, or 675. 
2 2 
Dads Stee or 6+.166 =6.166 (8) 
a) 
t= ? Tie, eee (9) 
2 2 
ee or +s. (10) 
t 130 __ 
fA ee O13. (11) 
D" +f =.166-++.013 =.179. (12) 
_* _3-1416 _ 
To te Ft a (13) 
A on 
i= abe (x4) 
FOR A Pair OF WHEELS 
Formulas Examples 
b=2ap=2X4.5 X12=108. (15) 
bV =108X1 
ae ee (x6) 
mv 36X2 
Napa = 72. (27) 
NY, 873% 
n= = oa 6 (18) 
. bv 108X2 
i 4S oe (19) 
_pD'V _12X6X1 
sat tears oa (20) 
nv 36X2 
a yee (21) 
INKS Gane 
ae rm 36 — (22) 
_pD'V_12X6X1 
ae (23) 
_ 2a(m-+2) 2X4.5X(72+2) 
2 ee (24) 
—2a(n+2) _2X4.5X(30+2)_ 
ain Weer ~ Saene (25) 
oO ae ee 
~ 2p 2X12 "9 (26) 
,_ 240 _ 2X4.5X2 
ave Saag (27) 
,_ 2aV_ 2X4.5X1 
v+) Zz 5 3 <a (28) 
_D'+d’_ 63 
7. a. a (20) 


SPUR GEARS 


Table 3 gives dimensions of gear teeth of the 143-deg. system 


_ and Table 4 gives similar dimensions of 20-deg. stub teeth both 


according to the practice of the Fellows Gear Shaper Co. 


TABLE 3.—DrMeENsIons oF GEAR TEETH OF 143 DEGREES 
PRESSURE ANGLE WITH STANDARD ADDENDUM— 
Fellows System 


Miabickmesstof toothy... s60.c.00 0. + «cen 
CO ENG A re 
Clearance, gear shaper gear 


I.5708+diametral pitch. 
1.0000+diametral pitch. 
= .2500+diametral pitch. 


Clearance, milled gear............... = .1571-+diametral pitch. 


Whole depth, gear shaper gear = 


2.2500+diametral pitch. 
Whole depth, milled gear......... 


=2.1571+diametral pitch. 
Thick- Clearance | Whole depth 
Diametral eg Adden- | Gear ified Gear 
stch ille Milled 
pitc ork dum |shapex ay shaper ee 
gear gear 
I I.5708 | 1.0000 |.2500 |.1571 |2.2500] 2.1571 
13 I.0472 NOOO Aa Parody nS eeaees 1.4381 
2 - 7854 . 5000 ) OT SSE errata 1.0785 
25 -6283 . 4000 06 28 .8628 
3 . 5236 A333 Slam toes 0524 . 7190 
4 -3927 -2500 |.0625 |.0303 |.5625 - 5303 
5 33842 .2000 |.0500 |.0314 |.4500 4314 
6 . 2618 .1667 |.0417 |.0262 |.3750 -3595 
7 . 2244 -1429 |.0357 |.0224 |.3214 - 3081 
8 . 1963 .I1250 |.0312 |.0196 |. 2812 . 2696 
fe) -1745 PILED 20278 |vOr75~ |. 2500 2SOiT 
Io SECT -1000 |.0250 |.0157 |.2250 P2057 
(12 . 1309 .0833 |.0208 |.0131 |.1875 .1798 
14 . 1122 .O714 |.0179 |.0112 |.1607 -I541 
16 .0982 .0625 |.0156 |.0098 |.1406 -1348 
| 
18 .0873 .0555 |.0139 |.0087 |.1250 . 1198 
20 .0785 .0500 |.0125 |.0078 |.1125 | .1079 
22 .O714 .0455 |.0114 |.0071 |. 1023 .0980 
24 0654 .0417 |.0104 |.0065 |.0938 .0899 
26 0604 .0385 |.0096 |.0060 |.0865 | .0829 
28 .O561 .0357 |.0089 |.0056 |.0804 .0770 
30 .05 24 -0333 |.0083 |.0052 |.0750 .O719 
32 .O4QT .0312 |.0078 |.0049 0703 0674 


Approximate Gear-tooth Outlines 


Approximate gear-tooth outlines may be determined by the use of 
any of the various odontographs that have been proposed; of these 
probably the most accurate (in fact very accurate) and most generally 
available is that by Gro. B. Grant (Amer. Mach., May 22, July 3, 
1890, and A Treatise on Gear Wheels) which is repeated below in 
Tables 7 and g. 

To draw the involute tooth first draw the pitch, addendum, root 
and clearance lines and space the pitch line for the teeth as in Fig. 3. 
Draw the bas2 line one-sixtieth of the pitch diameter inside the 
pitch line. 

Take the face radius from Table 7, multiply or divide it as called 
for by the table, take the resulting radius in the dividers and draw 
in the faces from the pitch line to the addendum line from centers 
on the base line. Take the tabular flank radius from the table, 
multiplying or dividing it as before, and draw in the flanks from the 
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pitch line to the base line. Draw straight radial flanks from the base 
line to the root line and round them into the clearance line. 


TABLE 4.—DIMENSIONS OF GEAR TEETH OF 20 DEG. PRESSURE 
ANGLE WITH RepuceD ApprnpuM—Fellows Stub-tooth 
System 


Thickness of tooth same as for 144-deg. gear of same pitch as numer- 
ator of stub-tooth pitch fraction. 

Addendum, clearance, depth of space and whole depth of tooth 
same as for 143-deg. gear shaper, gear of same pitch as denominator 
of stub-tooth pitch fraction. 


Diametral 


Thickness Whole depth 

pitch of tooth pcecs uns | Ores of tooth 
$ .3927 . 2000 .0500 4500 

$ .3142 .1429 .0357 3214 

$ . 2618 .1250 .0312 . 2812 

$ .2244 PLELE .0278 . 2500 
ty .1963 . 1000 .0250 .2250 
rr .1745 .0909 .0227 . 2045 
43 mS y7t . 0833 .0208 .1875 
42 . 1309 .O7T4 .O179 .1607 


~ 
~ 


12 Teeth 


2 Pitch 


I'1c. 3.—Grant’s odontograph for involute teeth. 


Fig. 3 shows the resulting radii and centers for a pinion of 2 
diametral pitch with 12 teeth and for a rack meshing with it. 

Special rule for the rack: Draw the sides of the rack tooth, Fig. 3, 
as straight lines inclined to the line of centers co at an angle of 15 
deg. Draw the outer half ab of the face one-quarter of the whole 
length of the tooth from a center on the pitch line and with 


2.10 ins, 
~ diametral pitch 
=.67X circular pitch 


radius 


If the gear is to have more than 30 teeth the rounding of the ends 


of the rack teeth is unnecessary. 
(Continued on page 08, first column) 
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TABLE 5.—MULTIPLIERS AND THEIR LOGARITHMS FOR Finpinc DIAMETERS OF SpUR GEARS FROM THE CIRCULAR PitcH 


To find pitch diameter: Multiply the number of teeth by the multiplier for the pitch. 
To find outside diameter for standard (B. & S.) addendum: Add two to the number of teeth and proceed as before. 


P. | Mult’r. | Log. P. Mult’. | Log. || P. | Mult’r | Log. Pp. | Mult’. [| “Log 
eae .019894 | 2.298722 e 127324 | 1.104910 17," .377993 | 1-577484 || 23” .676408 | 1.830209 
Po” .031831 | 2.502850 is .139261 | 1.143829 56 aM 397887 | 7.599760 || 23” .716197 | 1.855033 
.035308 | 2.548610 4” .159155 | 1.201820 175” 417782 | 1.620950 || 23” -755986 | 1.878514 
es -039789 | 2.599763 is” | -479049 | 1.252972 13” .437676 | 1.641153 || 22” -795775 | 1.900789 
045473 | 2.657754 3” .198944 | T. 298731 175" | 457570 | 1-660457 || 28” 835563 | 1.921979 
uu .053052 | 2.724702 ar .212207 | 1.236760 rR” -477465 | 1.678942 1 23” .875352 | 1.942183 
75" .059683 | 2.775851 uy” . 218838 | 1.340132 135” .497359 | 1.696670 | ~ 25” -QI514r | 1.961488 
$ .003662 | 2.803880 a . 238732 | 1.377911 13” 517283 |. 5.743703 | 3- -954930 | 1-979971 
” 070735 | 2.849634 7 258627 | 1.412674 rig” .537148 | 1.730094 38” -994718 | 1.997700 
2: 079577 | 2.900788 #4 278521 | 1.444858 7 557042 | 1.745888 =" 1.034507 | .014733 
is 090945 | 2.958779 a5” 298415 | 1.474821 133” 576936 | 1.761128 33” 1.074206 | 031124 
is .099472 BOD TT ay . 318310 | 7.502850 14” .596831 | 1.775851 || 1 | 1.114085 .046916 
3 .106103 | 7.025728 rzy” -338204 | 7.529170 {| 146” .616725 | 1.790092 / 
3” .119366 | 1.076881 14" .358099 | 1.554003 we .636619 | 1.803879 


TABLE 6.—Toota Parts By CrrcuLAr Pircu, BROWN AND SHARPE SysTEM. THE 2D, 9TH AND IoTH COLUMNS RELATE 
Atso TO Worms. From a Practical Treatise on Gearing by The Brown & Sharpe Mig. Co. 
Boe the size of any part of a circular pitch not given in the table, multiply the corresponding part of 1”’ pitch by the pitch 
required. 
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To obtain the size 
pitch required. 


No. of teeth 
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TaBLe 8.—TootH Parts By DIAMETRAL PircH, BROWN AND SHARPE SYSTEM. 
From a Practical Treatise on Gearing by The Brown & Sharpe Mfg. Co. 


of any part of a diametral pitch not given in the table, divide the corresponding part of 1 diametral pitch by the 


eo i = E = 3 a a rs 
2 |, 924) 2 ele? [ezel S22 |, |atal2 ele? [sda] $2 
Sa | aa |S54| = s[edaiaga| 28 | 84 | Sq |Baqg| 3 S/Sealaes| 28 
2s Pala ss) 3.8 SE5/ 5 22 hes ae pie) sO So 16 o's | Ons ee 
oy oe re Mela | pe EES a fay a Te oo Q @ oO = Sel ieee © ns SRS ey Pe 2 ° 
ie Gest s t s vine st+f | D’4+f Pease Pleas DD’ |Vsafel Par 
3 6.2832 | 3.1416 | 2.0000 | 4.0000 | 2.3142 | 4.3142 15 . 2004 1047 0666 1333 o771 1438 
2 4.1888 | 2.0944 | 1.3333 | 2.6666 | 1.5428 | 2.8761 16 1963 0982 .0625 I250 .0723 1348 
I 3.1416 | 1.5708 | 1.0000 | 2.0000 | 1.1571 | 2.1571 17 .1848 0924 0588 1176 .0681 1269 
1} D5 5555 §) F. 2506 8000 | 1.6000 9257 | 1.7257 18 -1745 .0873 0555 IIII 0643 1198 
15 2.0044 | 1.0472 6666 | 1.3333 | +7724 1.4381 19 .1653 .0827 .0526 1053 .0609 1135 
12 1.7952 .8976 | .5714 1.1429 LOOT2 9) 2.2320 20 ers 2 0785 0500 I000 0579 1079 
2 1.5708 7854 5000 | 1.0000 5785 | 1.0785 22 .1428 0714 0455 0909 0526 e980 
ai 1.3963 . 6981 4444 . 88388 . 5143 -9587 24 .1309 0654 -O417 0833 .0482 0898 
25 1.2566 6283 4000 8000 .4628 . 8628 26 .1208 0604 0385 0769 0445 .0829 
22 I.1424 5752 3636 WE 4208 . 7844 28 a2 2 .O561 0357 O714 .O413 .0770 
3 1.0472 . 5236 54333 6666 . 3857 . 7190 30 . 1047 0524 0333 0666 0386 .O719 
35 .8976 .4488 2857 5714 . 3306 .6163 32 .0982 .O491 0312 .0625 .0362 .0674 
4 -7854 | -3927 2500 5000 2893 | -5393 34 .0924 | .0462 0294 0588 0340 | .0634 
5 6283 3142 2060 4000 . 2314 .4314 36 .0873 0436 0278 0555 0321 0599 
6 5236 . 2618 1666 - 3333 1928 -3595 38 .0827 .0413 0263 .0526 0304 0568 
7 .4488 2244 1429 2857 1653 . 3081 40 .0785 0393 0250 0500 0289 0539 
8 -3927 1963 1250 2500 1446 . 26096 42 .0748 -0374 0238 0476 0275 O514 
9 -3491 | I745 I11II 2222 1286 . 2307 44 .O714 0357 0227 0455 0263 .0490 
Io 3142 ESTE 1000 2000 II57 52TH 7 46 .0683 .0341 0217 .0435 0252 0469 
II 2856 | .1428 0909 1818 1052 . 1961 | 48 .0654 .0327 0208 .O417 0241 0449 
12 -2618 | 1309 0833 1666 0964 | .1798 50 .0628 0314 0200 0400 0231 .0431 
13 .2417 1208 0769 1538 .0890 .1659 56 .O561 0280 0178 0357 0207 0385 
14 2244 1122 O714 1429 .08 26 - 1541 60 .0524 0262 0166 0333 0193 0360 
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TABLE 9.—GRANT’S ODONTOGRAPH FOR EPICYCLOIDAL TEETH 


Addendum= .3183%X circular pitch 
I 
~diametral pitch 
= addendum 
Clearance = oe 
For one For one inch 
diametral pitch circular pitch 
oN of teeth | For any other pitch For any other pitch 
in the gear divide by that pitch | multiply by that pitch 
Faces Flanks Faces Flanks 

Exact | Intervals |Rad. | Dis.) Rad. | Dis.| Rad. | Dis.| Rad. | Dis. 

aie) aie) I.99|0.02}— 8.00/4.00] 0.62 |o.01/—2.55|1. 27 

II II 2.00/0.04/—11.05/6.50] 0.63 |o.01|—3.34/2.07 

nG Te 2.01|0.06 (oe) ©CO | 0.64 |0o.02) © lee) 

134 | 13-14 | 2.04/0.07| 15.10/9.43| 0.65 |0.02| 4.803.00- 

rst | 5-16 | 2.10]0.09] 7.86|/3.46| 0.67 jo.03] 2.50/1.10 

174 ily pits) 2.I4/0.11 6.13]/2.20| 0.68 jo.04| 1.95)0.70 

20 Ig-2I 2.20/0.13 5.12|1.57| 0.70 |o.04| 1.63/0.50 

23 22-24 | 2.26/0.15| 4.80|1.13| 0.72 |o.05| 1.43|0.36 

27 25-20 2.33)0.16 4.10|0.96| 0.74 |0.05| 1.30/0.29 
38 30-36 2.40/0.19 3.80|0.72| 0.76 jo.06| 1.20)0. 23 
42 37-48 2.48]0. 22 3252/0203 O 7 10.07) - 1.12/07 20 

58 49-72 | 2.60]0.25} 3.33/0.54| 0.83 |o.08) 1.06|0.17 

07 73-144 | 2.83)]0. 28 3.I14/0.44| 0.90 |0.09] 1.00)0.14 
2900 145-300 | 2.92/0.31|  3.00/0.38| 0.93 |o.10] 0.95/0.12 

oO Rack 2.96|0.34| 2.96|0.34| 0.94 |o.11| 0.94/0.11 


To draw the epicycloidal tooth, first draw the pitch, addendum, 
root and clearance lines and space the pitch line for the teeth as in 
Fig. 4. 

Draw the line of flank centers outside the pitch line at the tabular 
distance from it (“dis.” in table) obtained from Table 9 and the line 
of face centers at the tabular distance (“‘dis.”’) inside of the pitch 
circle. Take the face radius (“‘rad.’’) in the dividers and draw the 
face curves from centers on the line of face centers. Take the flank 
radius (“‘rad.’”’) and draw the flank curves from centers on the line 
of flank centers. 

Table 9 gives the distances and radii for 1 diametral and 1 in. 
circular pitch. For other pitches multiply or divide as directed in 
the table. 


Line of Flank Centers 


_-— 
eS ees ag ~ 
in et ~ 
— 


2 Pitch 


20 Teeth 


Fic. 4.—Grant’s odontograph for epicycloidal teeth. 


Fig. 4 shows the resulting distances and radii for a pinion of 2 
diametral pitch with 20 teeth. j 


Strength of Spur Gears by Calculation 


The working loads on spur gears are commonly determined from 
the formula proposed by WILFRED Lewts (Proc. Engrs. Club of Phila- 
delphia, 1892) as follows: 

W=SPfy 
in which W =pressure on teeth, lbs., 

S=fiber stress, lbs. per sq. in., this stress being donc 
on the speed in acsoeiiaes with Tables to —_ AI 
below, 

P=circular pitch, ins., 

jf =face, ins., 

y=a factor for different numbers and forms of teeth in 
accordance with Table 12. 


TABLE I0.—VALUES OF Factor S IN THE LEwis FoRMULA FOR 
STRENGTH OF GEARS 


Pitch-line, speed 
ft. per min. 


I0o or 
less 
8,000] 6,000! 4,800] 4,000! 3,000! 2,400| 2,000 


20,000] 15,000] 12,000| 10,000, 7,500, 6,000} 5,000 


200 300 600 | 900 | 1200 | 1800 | 2400 


1,700 
4,300 


The high-class, alloy-steel, heat-treated transmission gears of 
automobiles carry stresses materially in excess of those given in 
Table 10. F. M. Heldt, after analyzing the data of a large number 
of such gears, publishes the stresses of Table 11 as giving good results 
in intermittently meshed gears (The Horseless Age, Apr. 10, 1912). 
For constantly meshed gears the figures of the table should be reduced 
Is percent. A piston speed of 1ooo ft. per min. was assumed when 
calculating the pitch-line speed. 


TABLE I11.—VALUES OF Factor S IN THE LEwis ForMULA DEDUCED 
FROM AUTOMOBILE PRACTICE 


Pitch-line speed, 


ft. per min. ie 


600 | 700 | 800 | 900 | 1,000 


1,100 / 1,200 


Alloy steel case| 30,000! 27,000! 24,000! 21,000! 18,000) 15,000 : 


hardened. ! | } : 
Chrome nickel | 60,000] 53,000, 47,000 42,000) 38,000 34,000 30,000} 27,000 
and chrome | 
) / | ) 
. 
. . 


vanadium steel 
hardened all 
through. | | | 
The values of the factor y may also be obtained 
from Fig. 6 by Ropert A. Bruce (Amer. Mach., 
Nov. 21, 1901) which gives these values for not only 
standard proportions of teeth but for stub teeth which 
are now coming into use. The stub teeth for which 
the chart is drawn are somewhat shorter than those 
of the Hunt and Logue systems, which see, but rea- 
sonable allowances may be made for the difference. 
The diagonal line shows a method of determining 
teeth of different systems but of equal strength. 
Thus, gears of rs deg. obliquity, addendum 3183 
P, 16 teeth; 20 deg. obliquity, addendum 3183 8 


20 teeth; 14} deg. obliquity, addendums, 29 teeth; 


and 20 deg. obliquity, addendum, 35 teeth have the 
same strength, the diameter, face and speed being the 
same, 

The Strength of Spur Gears by Graphics 


The working loads on spur gears may be determined 
graphically from Fig. 7 which has been constructed 
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T en: 
ABLE 12.—VALUES OF Facror y IN THE Lewis F ORMULA FOR STRENGTH OF GEARS 


Value of factor y 
peeebes are Mente Value of factor y ae Value of factor y 
= Involute Radial of Involute i es 
teeth ae Fee Involute . Radial of aes: Involute Radial 
| cycloidal | “anks beck 20° 8 flanks teeth ° x52 oe 
12 078 067 ee 2 cycloidal sank 
= toRs : “ai ide 20 -102 - 000 .060 43 .126 .IIO | .068 
14 .088 .072 ae - ies ce pone 50 130 -112 .069 
15 092 075 oe zs =200 094 062 60 134 114 .070 
16 -004 077 ps te wa gOO7 063 75 -138 -I16 .O71 
_ “204 7 ~ 27 seater . 100 064 r00 142 rs ee 
18 .098 tas ES ee ene Fees 150 146 .120 .073 
19 pes i 205 34 -118 . 104 . 066 300 .150 122 074 
.087 +059 38 .122 -107 .067 tack +154 +124 1075 


rvaval sUUL sua 
ZOD Pe 18 D. P. WGP IDR SE 
21571 In. C. P. 1745 In. C. P. -1968 In. C. P. 


207 DP; 


TRUAWAE Ruae ae 1.2566 In. C. P. 


14 D. P. 12:D2P% 10 DSP. 
.2244In.C.P. = .2618 In. C. P. .3142 In. C. P. / 
Saal 8 D. P. 7D. P. 
.8491 In. C. P. 3927 In. C. P. 4488 In. C. P. 
74 IDs We 
; 1.5708 In. C. P. 


Tig ROE 5 Danes 
.b236 In. C. P. .6283 In. C. P. 


oe | 1% D. P. 
1.7952 In. ©. P, 
4D. P. 


7854 In, C. P. 


3 D. P. 


POsT2 in, C..P. 
4 Dies 
2.0944 In. C. P. 


Fic. 5.—Gear teeth of full size, involute profile, 144 degrees pressure angle. 


to represent the Lewis formula by Ropert A. BRucE (Amer. Mach., — value for the load, which must be corrected by the use of the proper 
May 31, 19¢0). supplementary reduction scale below. 
The main chart, which applies to cast-iron and steel gears and to The use of the chart is best shown by an example: Required the 


circular and diametral pitches, gives directly a preliminary false working load on a cast-iron spur gear of 30 teeth, 2-in. pitch, 5-in. 


100 


face, at a pitch-line velocity of 1ooo ft. per min., the teeth being of 
the 15-deg. involute form. Find 2-in. pitch on the left-hand vertical 
scale, trace to the right until the diagonal for 5-in. face is reached, 
then down for cast-iron or up for steel and read the preliminary false 
load of 10,000 Ibs. for cast-iron or 25,000 lbs. for steel. Next apply 
the dividers to the reduction scale for 15-deg. involute and cycloidal 
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teeth and take up the distance between 30 teeth and 1ooo it. pitch- 


line velocity. Step this off to the left from the preliminary false load — 


and read the answers, 3000 lbs. for cast-iron and 7500 Ibs. for steel. 

Note that in the case of the reduction scale for 20-deg. involute 
teeth, the overlapping part indicates that with that tooth it is occa- 
sionally necessary to add to the preliminary false load. This is the 


20 
202-Obliauity; ddendum== 
18 
| 
; +A ddendum=— 
iel6 Aye ity A 
A 
; Foe biiauity-Addepsais 
| 1 
Pi 2 
ee 4+——+ = Ut. ; 
é B = ip-oblauity. Addendum = 3183 | 
<a LI 
i | | 
10 im rH 
# ret BBE, 
na | | | 
n HH rl BEE / : | 
6 08 lI Bg, ; | 
¥ | | | | j : 
s i ig |_| co Ty EB | ; 
4 LU | Pr 
toi : ! it 
3 06 D | Tit B i). 
a” LI ; | ; 
: i | 
fi told |_| | TT] EPPS ERRST ERE 
be eon gE city 
04 pt EE |_| | 
BESSS09S use 
i | | fe | 
= SE RSR ES SSS See 
ae a a i | | ; | ; j 
| | 2s { / | 
1_| | rt TT Cl 
| / {| ; | ) 
0 a cI TH CCC 
0 10 20 30 40 50 60 70 80 90 100 110 120 
Number of Teeth 


Fic. 6.—Values of y in the Lewis formula for the strength of gear teeth. 


TABLE 13.—MArx AND CUTTER’S FORMULAS AND CONSTANTS FOR THE STRENGTH OF CAST-IRON GEARS 


SYMBOLS, BOTH SYSTEMS 
W =safe equivalent load at pitch line, lbs., 
s=modulus of rupture = 36,000 lbs. per sq. in. for cast iron, 
p=circular pitch, ins. =pitch arc, 
f=width of face of gear, ins., 
n=number of teeth in gear, 
k=factor of safety, 
Suggested values: k=4, for steady load, no reversal of stress 
k=6, suddenly applied load, no reversal of stress 
k=8, suddenly applied load, with reversal of stress 
v = velocity coefficient. See tables 
a = arc of action coefficient. See tables 


FORMULAS 
Brown & Sharpe 14}4-deg. involute: 


Fellows 20-deg. involute, stub tooth: 


w= 2l(0.278- 2:09) 9g 


Neither formula holds for values of » less than 12. 


—__———_— eee 


Values of v 


x oe a? Values of a 
Pite vu : Pome A : Corresponding a 
Bea. Brown & Sharpe Fellows 20-deg,. Mol Brown & Sharpe Fellows 20-deg. | cinta | Brown & Sharpe Pallows 20-deg. 
ft. per min. 14)4-deg. involute ft.permin. 14}4-deg. involute Rael | 1414-deg. Sawcheke 
involute stub tooth involute stub tooth involute stub tooth 
0000 1,000 1.000 I100 0.470 0.540 Single : i, I.00 1.00 
tooth engages 
100 0.795 0.825 1200 0.455 0.525 12 12 I.10 1.13 
200 0.730 0.755 1300 0.445 0.515 20 30 r.ts r.20 
300 0.675 0.705 1400 0.435 0.505 30 30 1.47 t.22 
400 0.635 0.665 1500 0.430 0.495 30 40 1.60 1.24 
500 0.595 0.635 1600 0.420 0.485 30 60 1.60 1.25 
600 0.565 0.615 1700 0.415 0.475 30 te aes foe 
700 0.540 0.595 1800 0.410 0.470 30 100 1.60 a 
800 0.520 0.580 1900 0.405 0.460 30 Rack 1.60 1.29 
900 0.500 0.565 2000 0.400 0.450 100 100 1.60 1.31 
1000 0.485 OS SOe hee RE ce: a vuln: dv game MRIIRMM Mere rs er 0 bite Rees Rn baele) Rack 1.60 I ti 
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Number of Teeth in Pinion 


Pitch Speeds 


Fic. 8.—Machine molded cast steel gears. 


200 400 600 800 1000 1200 1400 1600 1800 2000 


Oontact Coefficient 


20 25 


16 2 
Number of Teeth in Pinion 


Fic. 9.—Cut cast steel gears. 


Sare load at pitch line, lbs. = circular pitch, ins. X face, ins. X speed coefficient X shape coefficient * contact coefficient. 
If a fly wheel is close to the gear drive, figure with a peripheral speed from ro to 20 per cent. higher than the actual speed, depend- 
ing on closeness and mass of wheel. In figuring for strength use maximum, not average, load. For speeds exceeding 1000 ft. per min. 
for molded and 2000 for cut gears, take shape coefficient = .g for all involutes and = 1.2 for cycloidal gears. The curves are based on 


a tensile strength of 65,000 lbs. per sq. in. 
the face as over the shroud. The usual maximum pitch is 7 in. 


Molded gears should be shrouded if possible. 


If set of shroud = 3 circular pitch. Figure 


Fics. 8 and 9.—The Mesta Machine Company’s rules for the strength of steel rolling mill gears. 


case, only when the selected point on the number-of-teeth scale is to 
the right of the selected point on the pitch-line-velocity scale. 

The working strength of shrouded gear teeth, according to WILFRED 
Lewis (Amer. Mach., Jan. 30, 1902) is, for double shrouding to the 
full depth of the teeth, about 25 per cent. in excess of that of un- 
shrouded teeth. For very narrow faces an increased load up to 
about 50 per cent. may be used. On the other hand, for single 
shrouding, Mr. Lewis reduces the increase to ro per cent. 

Many machine designers believe that gears are capable of carrying 
materially heavier loads than those determined by the Lewis formula— 
a belief that is supported by tests of gears to destruction by Prors. 
Guipo H. Marx and LAWRENCE E. Cutter (Trans. A. S. M. E., 
Vols. 34 and 37). The gears tested were of to diametral pitch, 
which is too small to justify positive deductions extending to heavy 
gears. These experiments are, however, the first in which gears 
have been tested to destruction and they supply the only definitely 
determined datz on which to base a rational formula. 

The authors conclude that the LEwis formula underestimates the 
static strength of gears and overestimates the effect of an increase of 
speed. They also find it necessary to introduce a factor for the arc 
of action. The experiments included gears of the BROWN and SHARPE 
14) deg. standard form and the FELLOws 20-deg. stub-tooth form— 
both with involute profiles and of cast iron. 

Table 13 gives the resulting formulas together with values of the 
velocity and arc of action coefficients. 

The Mesta Machine Company have developed methods of their 
own for determining the strength of heavy rolling-mill gears of steel. 


TABLE 14.—RELATION OF FACE AND Pitcu LINE SPEED IN MESTA 
Heavy STEEL GEARS 


SEIS PETE DE Se | | | a ee re eee 
Machine molded gears Cut gears 
Face Pitch speed range, Face os. Pitch speed range, 
Circular pitch ft. per min. Cireular pitch ft. per min, 
216 From oto 600 314 From oto 600 
3 400 to 900 4 450 to 1200 
3h 750 to 1300 414 1050 to 1900 
4 1100 to 1500 5 1700 to 2500 
414 1400 to 1800 6 2250 to limit 


These methods are given in Figs. 8 and 9 for machine molded and 
cut gears, respectively. This company makes the width of face to 
vary with the peripheral speed in accordance with Table 14. 


TABLE 15.—Spur GEARS THAT FAILED IN SERVICE 


col = S oc “= 
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ro Sen = es a | mie al ibs C. 
PP: Ft Lbs Ins. | Ins. | No Ratio | Lbs. 
700 2,280 | 10,100] 4.5 14 42 3.8 160 
1,000 2,356 | 14,000] 5.4 17 41 3-4 153 
1,000 2,334 | 14,200] 5.0 18 43 | 3.2 +) See 
I,0c0 2,261 | 14,600] 5.5 18 ax” Tiieee | 148 
1,000 2,241 | 14,700] 5.6 18 46 | 2.5 | 146 
} | 
| | 
1,000 2,208 | 14,950] 5.0 18 47 ) 3.2 A. Zee 
1,000 2,200 | 15,000} 5.62 18 46 ) 3.4 1490 
1,080 2,318 | 15,400] 5.25 163 | 43 3.0 176 
1,100 2,401 | I5,000] 5.0 17 47 2.9 | Zr77 
1,100 2,406 | 15,100] 5.5 18 50 | 2.3. | mgs 
; ; { 
| H 
I,100 2,410 | 15,050] 5.0 17 47 | 2.9 | x77 
1,130 2,242 | 16,600] 5.8 18 as 1.7.8 160 
I,150 2,320 | 16,300] 5.75 18 46 Six 158 
I,150 2,320 | 16,35¢] 5.75 18 47 3.0 158 
1,190 2,323 | 16,900] 5.7 18 47 3.0 163 
1,200 2,209 | 17,900] 5.0 19 52 3.0 189 
1,200 2,418 | 16,400] 4.75 19 52 Sx 182 
1,220 2,209 | 18,200] 5.0 182 | 49 3.2 105 
1,360 2,325 | 19,300] 4.5 18 71 2.8 239 


SPUR GEARS 


A list of spur gears that failed in service has been supplied by 
Micuart Loncrince (Proc. I. M. E., 897). This list is repeated 
in Table 15 of which the last column has been added by the author. 


Strength of Bronze, Rawhide and Fabroil Gears 


The working loads of gears of bronze are less definitely known than 
those of iron or steel, but, for bronze of high quality, it is probably 
safe to impose loads one and one-half times those placed on cast-iron 
teeth of the same dimensions. ; 

The working capacity of rawhide gears, according to W. H. Dieren- 
porr, Chief Engineer, New Process Rawhide Co. (Amer. Mach., Apr. 
6, 1911) may be determined from the allowance of a pressure of 150 lbs. 
per in. of face for gears of 1 in. circular pitch. For other pitches 


_ the pressure allowance is to be taken in direct proportion, except that 
_ in no case should the pressure exceed 250 lbs. per in. of face. 


-pinions having all rawhide working face. 


PNY 


Speed at pitch dia. in ft. 


These figures are to be applied to gears made of the highest grade 
of rawhide only. For lower grades the unit pressure should be re- 
duced 15 per cent. or more. The figures are also intended for 
Pinions with bronze 
flanges having teeth cut through and forming part of the working 
face may be loaded with 10 to 25 per cent. greater pressures according 
to the grade of the bronze and the thickness of the flanges. 

The unit pressure is not changed with the velocity or the number of 
teeth. 

The practice of the General Electric Company with rawhide gears, 
according to A. ScHEIN (General Electric Review, Apr., 1913), is to 
apply the Lewis formula using the stresses of Table 16 with the pro- 
viso that the dimensions must pass a further test because of the 
characteristics of these pinions due to heating. This test is embodied 
in the formula: 


in which C=heating coefficient which must not exceed the values 
given in Table 17, 
W =total load at pitch diameter, lbs., 
V =velocity at pitch diameter, ft. per min. , 
N=number of teeth, 
F =width of face, ins. 


TABLE 16.—VALUES OF FACTOR S IN THE LEWIS FORMULA FOR 
RAWHIDE PINIONS 


200| 400| 600] 800/1000|1200|1400|1600/1800]2000 
; per min. 
Stresses in lb. per sq. in. |3600|3300|35.00|2800|2600|2400|2200/2000|1900|1800 


TaBLe 17.—Maxiwum ALLOWABLE VALUES OF C FoR HEATING, 
RAWHIDE PINIONS 


| | 


Diametral pitch........ I 13 2 24 3 34 4 
°C). eS cea ee | 1600 | 1400 | 1200 | 1000 | 900 800 | 600 
Rawhide gears should have some degree of lubrication. The best 


lubricant is a mixture of graphite and lard oil or tallow—never 
mineral oil. 

The working capacity of fabroil gears, according to the General 
Electric Co., at whose works they originated, is, for most if not all 
services, equal to that of cast-iron gears of the same dimensions. 
The width of the cloth face should be equal to the face of the mating 
gear plus the aggregate end play of both shafts. The shrouds should 
never be permitted to run on the mating gear. 

The limiting peripheral speed of metallic spur gears is about ooo ft. 
per min. Ordinary cut gears begin to be objectionably noisy at 
peripheral speeds of about 1200 ft. per min. 


Strength of Herringbone Gears 


The working capacity of herringbone gears, in accordance with the 
practice of the Falk Co., American makers of the Wuest herringbone 
gears, is given by the formulas: 
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_h.p.X 33,000 
[R= er ees 


in which 4.p.= horse-power. 


P = tooth pressure, lbs. 
K= admissible stress, lbs. per sq. in. in accordance with 
Fig. 10. 
f = circular pitch, ins. For diametral pitch take nearest 
circular pitch. 
W= total width of face, ins., including non-bearing 
width equal to x p. 
V = velocity of pitch circle, ft. per min. 
1500 
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200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 
V=Velocity, Ft. per Min. 


Fic. 


to.—Values of admissible stress in herringbone gears of varieus 
materials. 


Table 18 and Fig. 10 have been prepared from this formula by 
J. E. Hotvecx (Mchy., June, 1913). The desirable speed limit, 
on account of noise, if the gears do not run in oil, is 1500 ft. per min. 
Much higher speeds may be used satisfactorily but with correspond- 
ingly increased wear and noise. The pinion is commonly of tougher 
material than the gear, because of its greater wear, and the chart, 
Fig. 10, gives the admissible stress for various materials as developed 
by extended experience. The formulas and table are based on a 
tooth angle of 23 degrees. Note that, for the present purpose, the 
pitch is measured on the circumference—not on the normal. 
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Fic. 11.—Stress factor S in Bates’s formula for strength of 
herringbone gears. 


The practice of the Fawcus Machine Company is thus given by 
W. C. Bares, Mech. Engr. of the company (Amer. Mach., Nov. 
18, 1915). 

The angle of the teeth with the axis is approximately 23 deg.; the 
addendum = .2546 X circular pitch; the teeth have involute pro- 
files and the angle of obliquity is 20 deg. In order that the action 
of the teeth may overlap, the minimum over-all face width should 
be at least six times the circular pitch, this width including the central 
clearance space which, ordinarily, has a width equal to the circular 
pitch. 
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TaBLE 18.—HorSE-POWER OF HERRINGBONE GEARS CS ES ee 
s Pitch dia., Face, Horse-power 
Pitch inches inches 
Velocity 400 600 | 800 | I000 | 1200 | 1400 
Cast iron i 10 12 14 15 
6 D.P. 4 Cast steel 13 18 23 27 on 
33 z Cast iron 9 13 16 18 He: 
5236” C.P. Sa. Cast steel 7 24 30 35 41 
f Cast iron 10 14 17 20 23 
5 D.P. 5 \ Cast steel 19 27 34 40 46 
ne : f Cast iron 13 18 21 25 29 
6283” C.P. A a Cast steel 24| 34| 43| 50] 58 |> 
7 Cast iron 16 22 27 31 36 
4 D.P. F oe it Cast steel 29 41 53 62 7t 
S4 s Cast iron 20 27 34 39 44 
-7854"" C.P. 74 Cast steel 36 51 66 Bil 83 
, - f Cast iron 21 29 36 42 47 
6a DE: ae Cast steel 30] ss} 7o| S39] gai acs 
= : : Cast iron 26 36 45 52 58 
-8976" C.P. 9 | Cast steel 48 68 87 103 118 i390 
' f Cast iron 28 39 48 55 63 
3 D.P. oe Cast steel 51 7 92 IIo 126 139 
i 7 - Cast iron 36 50 61 70 80 
nano (CIR, 10g \ Cast steel 65 92 | 117] 4c] 160 | 277 
| 
7 Cast iron 41 57 70 80 gl IOI 
EB re Cast steel 74 | tos | 134| 160 | 185] 202 
. Be4 : Cast iron 51 71 87 | 100 | 114] 126 
1.2566" C.P. ae Cast steel 03 I30 167 200 228 253 
| 
a Cast iron 64 89 109 125 143 | 158 | 
ALE d ve Cast steel 116 | 164 | 207] 250 | 285) 3 
re ee : Cast iron 79 | 11 | 136] 154] 178] 106 
ERA Coe 13a Cast steel 144 | 204] 259] 309] 355] 303 
2DP a Cast iron 86 118 146 166 190 210 
Dade oe Cast steel 155 | 218 | 279 | 33x | 378] 420 
"CP oe a Cast iron 106 146 180 206 | 234 261 
ao rae \ Cast steel 192 271 345 413 | 470 | 521 | 
LDP 6 Cast iron TuO+| 15a 187 215 244 ) 270 / 282 | 292 | 317 | Ss 
ester ; Cast steel 199 280 | 358] 426 | 488 540 | 564 | 585 640 | 671 
"OP es pt if Cast iron 137 IgO | 234 269 | 305 | 338] 343 366 | 388 | 406 
RS a esa i Cast steel 249 350 447 534 610 | 675 / 7O7 / 732 800 838 


The formula developed by Mr. Bates is a modification of the 


plied when the gears are used to drive reciprocating or other machin- 
Lewis formula for spur gears as follows: 


ery in which the torque varies from maximum to minimum, one or 
more times during a single revolution. 

For instance, in a single cylinder pump or compressor, the torque 
varies from zero to maximum twice in one revolution of the gear. 
There will be almost no wear on the gear teeth at the dead center 


Oe, 
Ws YZ 
in which 


W =working load on the teeth, lbs., 


s=stress factor, taken from chart, Fig. 11, 
p=circular pitch measured parallel to the edge of the face, ins., 
y=the Lewis factor y for 15 deg. involute, standard addendum, 
spur gear teeth, for which see Table 12, 
f=total over-all face width, ins., 
X =a factor dependent upon the variation of the maximum from 
the average torque for the gear cycle, 
Z=a factor for wear, depending upon the nearness with which 
lubrication conditions approach the ideal. 


The last two factors are important. The X factor must be ap- 


points, and at midposition of the plunger or piston the torque may 
be double the average calculated from the total horse-power require- 
ment of the machine. This must be taken into consideration in 
order that excessive wear may not occur on gear teeth at the position 
of maximum torque. For this reason the minimum value of X is 
1, and may be anything over this figure, depending upon the load 
cycle. 

The Z factor has also a minimum value of 1, this condition being 
found when the gears run with a continuous supply of oil to the teeth. 
This supply may be obtained by allowing the lower portion of the 
gear to run partially submerged in an oil bath, and may be success- 


SPUR GEARS 


fully used up to speeds of about 2000 or 2 500 ft. per min. Above 
these speeds the centrifugal force throws most of the oil off, and the 
teeth should be sprayed with oil under a slight pressure, the stream 
being directed at the line of contact between gear and pinion on the 
entering side. For conditions of thorough grease lubrication, a 
factor of Z of 1.10 to 1.20 is recommended; for rather scanty lubrica- 
tion and frequent inspection of the gears, 1.1 5 to 1.25 are good 
figures; for very indifferent lubrication conditions, it should be in- 
creased to 1.20 or 1.30, to secure the best wearing conditions. 

A great many considerations enter into the problem of the selec- 
tion of the proper size of tooth to be used for given conditions of 
horse-power transmitted and pitch line velocity of the teeth. All 
other conditions being equal, the size of the teeth in gear and pinion 
determines the relative degree of quietness with which they will 
run at a given pitch-line velocity, the smaller the pitch the quieter 
the operation. 

Turbine reduction gears are distinguished by the exceptionally 
fine pitch teeth used for gear and pinion. The fine pitch is necessary 
that the gears may run quietly at high speeds, sometimes in excess 
of 6000 ft. per min. The face of the gears is made very wide propor- 
tionally to obtain the proper tooth strength and wearing qualities. 
At the other extreme are the conditions of rolling-mill service where 
low speeds are the rule, where absence of noise is not a factor and 
where sudden shocks call for gears with heavy teeth. 

As a general proposition, it is not considered good practice to use 
cast iron as a material for cut herringbone pinions. The additional 
cost of making the pinion of a steel forging is slight, and the benefits 
obtained by the use of the better wearing material will, in practically 
every case, justify the extra expense. It is also better practice to 
use a different grade of steel in the pinion than in the gear, when the 
latter is made of asteelcasting. For general use, a .40 to .50 per cent. 
carbon steel forged pinion should mate with a gear from a .25 to .30 
per cent. carbon steel casting. This last must be thoroughly furnace 
annealed to diminish shrinkage strains and to obtain uniform hard- 
ness of steel throughout the casting. The use of materials of 
different textures prevents to a great extent the seizing or cutting 
of the two materials when under abnormally heavy loads. 

With further reference to design, the pinion should be made of a 
solid forging or casting in every case where the diameter does not in- 
volve excessive cost. The gears should be designed for rigidity both 
torsional and sidewise. Oval-arm gears should be avoided for these 
have little sidewise rigidity. If the diameter of the gear is relatively 
- small, say under 30 or 40 in., and the face is proportionally narrow, 
say 1 to % of the diameter, use cross-arm gears, but in every case 
where the width of face will permit, use doublearm gears, with a web 
section between the arms, forming an H-section. With the object 
of obtaining rigidity and absence of vibration in the drive, under no 
circumstances should a width of face be used for a cut herringbone 
gear, which is less than }{9 the diameter of the gear. 

Pinions and gears may both be cut integral with their respective 
shafts. In fact, a pinion having (say) 16 teeth, 2 DP., with an 
" outside diameter of 8.98 in., may be cut integral with a pinion shaft 
of the same diameter. ‘The best practice is always to mount the pin- 
ion so that both the supporting bearings are close up to the faces of 
the pinion. The length of span between edges of bearings should 
not exceed four times the diameter of shaft supporting the pinion. 

The finished thickness of the rim under the teeth of a cut herring- 


bone gear is best designed as Se + 14 in. for all gears. Where it is 


necessary to use a gear made in two pieces, and bolted together, the 
joint should be made through, not between, the arms, and should be 
entirely machined on the bearing surfaces, including a tongue and 
_ groove in the opposite halves extending from hub to rim. The rim 
should be split parallel to the tooth angle at a point midway between 
two teeth to prevent weakening them or interfering with their even- 
ness of wear. This construction of gear may be accurately re- 
assembled in its final position, with a minimum of care and expense. 
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Regarding rigidity of mounting and accuracy of alignment of 
shafts, it may be said that indifferent methods will be surely attended 
by indifferent results. Cut herringbone gears generally run at much 
higher speeds than are considered practical for metal cut spur gears, 
and under these conditions require heavier and more rigid mountings, 
and more precise alignment in order that their full benefits may be 
realized. They are best mounted so that hubs on gears or pinions 
have only a running clearance between the end of bearings in which 
the shafts revolve. This eliminates end play of the shafts and pre- 
vents axial thrusts from an outside source being transmitted to the 
gear or pinion teeth. These axial thrusts, unless prevented, cause 
unnecessary wear on the teeth and are a frequent cause of noise. 


Dimensions of Spur Gear Parts 


The dimensions of the arms of spur gears may be obtained from the 
following formulas and chart. The formulas are by Hrnry Hess 
(Amer. Mach., Apr. 29, 1897) and represent the practice of the Niles 
Tool Works. They are based on an equal distribution of the pitch 
line load among the arms (which are assumed to act as cantilevers) 
and consider the sole load at the pitch line to be that given by the 
Lewis formula for the strength of gear teeth. For elliptical cross- 


sections: 
3 


er ee A Wemeular pitch 
20 
3 7 = 3 
E= a a for diametral pitch 


in which # = thickness of arm at hub, ins. 
2EH= width of arm at hub, ins. 
= number of teeth. 
P = circular pitch, ins. 
p = diametral pitch. 
R = ratio of face divided by circular pitch. 
A = number of arms. 


For other cross-sections: 


3 c= 
Z= BRN SD for circular pitch 
50A 
z®R(N—7) : , F 
a eero5ts for diametral pitch 


in which Z= section modulus of arm at rim. 

The same results for elliptical cross-sections may be obtained from 
Fig. 12 by Pror, J. B. Peppite (Amer. Mach., Feb. 13, 1913). The 
use of the chart is explained below it. 


Fic. 14. 


Fic. 13. 
Fics. 13 and 14.—Proportions of hollow arms for large gears. 


For large arms the designer will frequently prefer a cored section. 
A satisfactory one is that of Fig. 13, in which major and minor axes of 
both core and arm are relatively as 2 tor. By equating the moduli 
of resistance for solid and hollow elliptical sections of these propor- 


—4 
g , in which E is the thickness of the 


D* 
tions; it is found that #*= 


solid arm as obtained by chart or formula; d and D are dimensions 
of the cored arm, See Figs. 13 and 14. 
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In order to lessen the work of making the core box by substituting 
flat surfaces for curved ones, an approximation like Fig. 14 will add 
but slightly to the weight, as is shown by the ellipse dotted in for 
comparison. 

The outlines are formed of circular arcs struck from four centers, 
which approximate very closely to the true ellipse and look better. 
The construction of the core sides is readily apparent from the sketch. 

A suitable taper is 1 in 32 and 16, respectively, for the arm thick- 
ness and width; this gives a pleasing appearance for a moderately 
long arm, but it is not a hard-and-fast rule, as a greater or lesser taper 
may be employed to suit the designer’s fancy without affecting the 
strength of the arm, unless the taper is made so excessive as to bring 
the dimensions at the rim down to one-half of those at the base. 

As the tooth and arm are of the same material, the method is satis- 
factory for all cast gears, but this must not be interpreted to mean 
that this or any other formula will prevent shrinkage strain due to 
relatively large hubs or very heavy rims; where these occur, great 
care must be exercised in the foundry, and it will also not be amiss 
to add a generous amount of metal to the arms. 


beat 


it 


Taper 44 Inch 
per Foot yz 


ery. 
ek 


ke 
KZ 


| 
p=diametral pitch. 

P=circular pitch, ins. 

t =thickness of tooth at pitch line, ins. 
N =number of teeth. 


Fic. 15.—Notation of C. H. Logue’s formulas for the dimensions 
of spur gears. 


Other dimensions of spur gears may be obtained from the following 
formulas by C. H. Locur (Amer. Mach., Sept. 30, 1909) the notation 
being given in connection with Fig. 15. 


M ere or 1.25P 
ae or 1.60 P 
RE ee or .g13P 
Wega or .6866P 
R Jae or .563P 


Mean cross-section of arm=1.3 XtXF 


ues [mean section X 1.27 
2, 2% OF 3 


E =(a2, 23 or 3)A 
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(the same multiplier being used when finding both A and £) 


D =d+3/ NF if reinforcements are used opposite keyways. 
Otherwise S 


Did 


The number of arms may be as follows: 


Diameter No. of arms 
Wpitotoounsi wane cena ce 6 
GoxtorSonnswenceebies riser 8 
Over sSounstey seer eee TO 


For convenience of chucking without distortion the most desirable 
number of arms is either 6 or 9. 

The width of face of spur gears according to traditional rules, 
should be from two and one-half to three times the circular pitch. 
The increased pressures put upon steel gears would, however, seem 
to call for greater widths since the increased strength of steel as - 
compared with cast-iron is not accompanied by correspondingly 
increased wearing properties. Accordingly we find the gears of street 
railway cars with faces of five times the pitch. 


Chordal Pitch 


Chordal pitch is the pitch measured on the chord as spaced by the 
dividers instead of on the arc of the pitch circle. It is used only when 
laying out chain sprockets and large gears and segments that cannot 
be cut on a gear cutter. When laying out such large gears the 
chordal pitch must be used, as the chordal pitches of two mating 


TABLE 19—PitcH DIAMETERS FOR 1 IN. CHORDAL PITCH 
For other pitches multiply by the pitch 


No. Pitch No. Pitch No. Pitch No. Pitch 
teeth |diameter|| teeth |diameter|| teeth | diameter|| teeth | diameter 
4 I.414 39 I2.427 74 23.562 109 34.701 
5 1 70% 40 12.746 75 23.880 IIo 35.019 
6 2.000 4I 13.064 76 24.198 III 352387 
Vi 2.305 || 42 I3.382 77 24.517 ELZ.* 5354055 
8 2.613 43 13.699 78 24.835 113 35.974 
9 2.924 44 14.018 79 25253 II4 36.292 

| 
5 de) 3.1230 45 14.335 80 25.471 II5 36.610 
II 3.549 46 14.653 81 25.790 116 36.929 
tr 3.864 47 14.972 82 26.108 I17 37.247 
13 4.179 48 5, S01 83 26.426 118 37.565 
14 4.494 49 15.608 || 84 26.744 I19 37.883 

| 
I5 4.810 | 50 i5).927 85 27.063 120 38.202 
16 5.126 51 16.244 86 27.381 I2I 38.520 
17, 5.442 52 16.562 87 27.6090 122 38.838 
18 5.759 53 16.880 88 28.017 123 39.156 
19 6.076 54 17.200 || 89 28.335 I24 39.475 
20 6.392 55 17.516 90 28.654 125 39.793 
21 6.710 56 17.835 OL 28/972 || 126 40.1II 
22 7.027 57 18.152 92 29.290 a7 40.429 
23 7-344 || 58 18.471 93 29.608 128 40.748 
24 7.661 59 18.789 94 29.927 129 41.066 
25 7.979 60 IQ .107 95 30.245 130 41.384 
26 8.207 || 61 19.425 96 30.563 I31 41.703 
27 8.614 || 62 19.744 07 30.881 132 42.021 
28 8.931 63 20.062, 98 31.200 133 42.339 
29 9.249 64 20.380 | 99 31.518 | 134 42.657 
30 9.507 | 65 20.608 100 31.836 135 42.976 
31 9.884 66 21.016 101 32.154 136 43.294 
32 10.202 67 21.335 102 32.473 137 43.612 
33 10,520 68 21.653 103 32.791 138 43.931 
34 10.838 69 21.971 104 33.109 139) 44.249 

| 
35 Ir.156 70 22.280 Io5 33.428 140 44.567 
36 II .474 71 22.607 106 33.740 || I4rI 44.890 
37 II.791 || 72 22.926, 107 34.058 ||. 142 45.204 
38 12.110'|| 73 23.244 108 34.376 143 45.522 
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gears of different sizes differ, although the circular pitches are equal. 
The chordal pitch is given by the equation: 


180° 


P’=D' sin 
in which P’ =chordal pitch, 
D/=pitch diameter, 
n=number of teeth. 
Table 19 is calculated from this equation. 


Gear Cutter Sets 


The production of strictly correct gear tooth curves involves the use 
of a special cutter for each pitch and for each number of teeth. 
In practice, cutters for each pitch are made in numbered sets, each 
cutter being used through a considerable range as follows: 


No. of To cut gears No. of To cut gears 
cutter having teeth from cutter having teeth from 
I 135 to a rack 5 | 21 to 25 


2 55 to 134 6 | 17 to 20 
3 35 to 54 7 14 to 16 
4 26 to 34 8 12 to 13 
The tendency at present is to reduce these ranges by introducing 
intermediate cutters in order to obtain greater accuracy as follows: 


No. of To cut gears No. of To cut gears 
cutter having teeth from cutter having teeth from 

I 135 to a rack 5 | 21 to 22 

1l6 80 to 134 514 19 to 20 

2 55 to 79 6 17 to 18 

2h6 42 to 54 646 I5 to 16 

3 35 to 41 vi 14 

3% 30 to 34 71% 13 

4 26 to 29 8 I2 

4 23 to 25 | 


Gaging Gear Teeth 


The most common method of gaging gear teeth is by the use of the 
Brown and Sharpe gear tooth vernier caliper. This instrument 
measures the chordal thickness which, for large pitches and small 
diameters, differs sensibly from the arc or circular thickness. When 
using the caliper it is necessary to know the perpendicular distance 
from the outer circumference to the chord measured. Accuracy of 
blank diameter is assumed and necessary. Table 20 gives the 
necessary constants for one diametral pitch and for 1 in. circular 
pitch. 


TABLE 20.—CHORDAL THICKNESS OF INVOLUTE GEAR TEETH 


One diametral pitch. es migeiss a. 
For other pitches divide by the pitch Horother pitches snuliipiy py whe 
pitch 
Chordal} Perp. Chordal| Perp. 
No. of No. of |thickness! dis. No. of | No. of |thickness| dis. 
teeth cutter | at pitch | circum. teeth | cutter | at pitch | circum. 
line  |to chord line to chord 
I2 8 1, $662) 1.0514 12 8 .4986 -3347 
13 1% 1.5670 | 1.0474 13 748 4988 3334 
14 7 1.5675 | 1.0440 14 7 -4990 3323 
15 644 1.5679 | 1.0411 15 644 4901 3314 
17 6 1.5686 | 1.0362 17 6 +4993 .3208 
19 5% 1.5690 | 1.0324 19 5h .4905 .3286 
21 5 1.5604 | 1.0294 20 5 . 4006 .3277 
23 444 1.5696 | 1.0268 23 4h .4007 .3268 
26 4 1.5608 | 1.0237 26 4 -4997 .3258 
30 314 I.5701 | 1.0208 30 3h4 -4908 .3249 
35 3 1.5702 | 1.0176 35 3 -4998 -3239 
42 24 1.5704 |} 1.0147 42 214 -4999 .3230 
55 2 1.5706 | t.0r12 55 2 .5000 .3219 
80 14 1.5707 | 1.0077 80 rig .5000 .3208 
135 I 1.5708 T 0046 135 I 5000 3108 
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The following method ef gaging involute spur gear teeth makes use 
of the ordinary vernier caliper, gages for uniformity of spacing as 
well as for thickness of teeth and is independent of the accuracy 
with which the blanks are turned. It is due to H. E. TAyLor 
(Amer. Mach., June 26, 1913). The dimension used is measured 
on a tangent to the base circle and is the maximum dimension 
over two or more teeth. 

In Fig. 16 the pitch and base circles are shown, the latter being 
determined by the angle of obliquity, a. The manner in which the 
involute profile is generated involves the equality of any arc of the 
base circle and the corresponding tangent. This implies that the 
base circle arc spanning one tooth and one-half a space shall equal 
the corresponding tangent and that two such arcs spanning two 
teeth and one space shall be equal to the combined tangents f, 
Fig. 16. It is on this fact that the system is based. 


Fic. 16.—Gaging gear teeth with the vernier caliper. 


If the base circle is larger than the root circle the tangent will be 
the maximum dimension over two teeth. With large obliquities, 
as in some systems, the base circle falls within the root circle and in 
such cases it may be necessary to gage over more than two teeth. 
The caliper may be applied at various angles as in the illustration, 
the readings being identical if the curves are true involutes. In 
this way the truth of the curves may be tested, and, by applying the 
instrument over different pairs of teeth, the uniformity of the spacing 
may be tested. 

As the result of a mathematical analysis which it is not necessary 
to repeat here, Mr. Taylor finds that: 

K 


vernier reading = dimetral pitch 


in which K =a constant to be taken from Table 21. 

The use of the method and table is best shown by an example: 
Assume a gear of four diametral pitch, twenty teeth and 1444 deg. 
obliquity. In the table, opposite twenty teeth and in the 1444 deg. 
column, we find K =4.66654 and 


. ‘ .666 
vernier reading = pl 


= 1.1666 in, 


This reading makes no allowance for backlash. If .oor in. back- 
lash is to be provided for, it should be subtracted from the reading, 
giving 1.1656 in. 

The same table may be used for gaging metric gears, in which the 


SPUR GEARS 


module is analogous to (not identical with) the diametral pitch in the 
English system. 


pitch diameter in mm. 
number of teeth 
and _ -venier reading = module x K 


module = 


Assume a gear of four module, twenty-eight teeth and 14) deg. 


obliquity. Opposite twenty-eight teeth and in the 1414 deg. column 
we find: 


¢ 


K=4.70822 
and vernier reading = 4.708224 
= 18.833 mm. 


As before, this reading makes no allowance for backlash. 

The factoring of numbers is frequently required in the calculation 
of trains of gearing. Table 22 by JoHNn PARKER (Amer. Mach., Dec. 
5,1907) gives the smallest prime factors of all numbers between 1 and 
9999. The top horizontal line gives the thousands and hundreds, 
the left vertical column the tens and units, and the body of the table 
the smallest prime factors. To find the other factors divide by the 
factor found and consult the table again. If no factor appears 
opposite a given number, the number is prime. Numbers divisible 
by 2 and 5 are omitted. Such numbers should be divided by 2 or 5 
before consulting the table. 

Example.—Required the smallest prime factor of 979. In the 
first table find 9 in the top horizontal line and 79 in the left vertical 
column. At the intersection is r1—the smallest prime factor. 
Similarly, consulting the table again, we find no entry for 971, show- 
ing that number to be prime. 
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TABLE 21.—CONSTANTS FoR GAGING INVOLUTE GEAR TEETH 


SS eS a ee ee ee 


Angle of 

Chica 144 18 20 22 

No. of teeth 

gaged over 2 2 2 3 2 3 

| Values of K 

10 4.61444 |4.57958 |4.56070 |7.51282 |4.54284 |7.45568 
Ir 61965 | .58936 | .57395 | .52607 | .56020 | .47304 
12 62486 | .59014 | .58720 | .53032 57756 | .49040 
13 63007 |4.60892 |4.60045 55257 | -59492 |7.50776 
14 63528 | .61870 | .61370 56582 |4.61228 52512 
15 -64049 | .62848 | .62605 57907 62064 54248 
16 -64570 | .63826 | .64020 59232 64700 55984 
17) -65001 | .64804 | .65345 |7.60557 66436 57720 
18 -65612 | .65782 | .66670 61882 68172 59456 
19 -66133 -66760 | .67995 63207 69008 |7.61192 
20 -66654 | .67738 | .69320 64532 |4.71644 62928 
21 -67175 | .68716 |4.70645 65857 73380 64664 
22 -67606 | .60604 | .71970 67182 75116 66400 
23 -68217 |4.70672 | .73295 68507 76852 68136 
24 -68738 -71650 -74620 60832 78588 60872 
25 -69259 | .72628 -75945 |7.71157 |4.80324 |7.71608 

i 26 5OO7SON | a 7.3000N 0772.70 72482 82060 73344 

oh ay 4.70301 | .74583 | .78595 | .73807 | .83796 | .75089 

S 28 -70822 | .75562 | .79920 75132 85532 76816 

2 29 71343 | .76540 |4.81245 76457 87268 78552 

el 

o 

2 30 71864 | .77518 | .82570 77782 | .89004 |7.80288 

Ke) 31 -72385 - 78496 -83805 79107 |4.90740 82024 

5 32 -72906 -79474 | .85220 |7.80432 92476 83760 

€ 33 -73427 |4.80452 | .86545 81757 | .94212 85496 

2 34 -73948 | .81430 | .87870 | .83082 | .959048 | .87232 
35 -74469 | .82408 891905 84407 97684 88968 
36 -74990 | .83386 |4.90520 85032 99420 |7.90704 
37 -75511 | .84364 | .91845 87057 |5.01156 92440 
38 76032 85342 -93170 88382 02892 94176 
39 -76553 | .86320 | .94495 89707 04628 95912 
40 -77074 | .87208 | .95820 |7.91032 06364 97648 
41 -77595 | .88276 | .97145 92357 08100 99384 
42 78116 .89254 -98470 93682 09836 |8.01120 
43 «78637 |4.90232 | .99795 95007 |5.11572 | .02856 
44 -79158 | .O12I0 |5.01120 96332 13308 04592 
45 -79679 | .92188 | .02445 97657 15044 06328 
46 4.80200 | .93166 .03770 98082 16780 08060 
47 80721 -94144 | .05095 !8.00307 18516 09800 
48 81242 -95122 .06420 01632 |5.20252 |8.11536 
49 81763 96100 07745 02057 21988 13272 

.97078 | .09070 
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TABLE 22.—PRimeE Factors OF NUMBERS FROM I TO 9999 


Nos. 1 to 2499 Nos. 2501 to 4999 
folrtl213141516171 81 5 lxolrziz2/13/14)£5]26|r7/r8|r9|20|/21/22)/23/24'|__|25|26|27|28|29 so[sr[s2[3313 [2526137138 |39140lar|aa|4sT4al4s 14647148149 
ron Pele leat 7 leslenioal sia) FSi la Sl Lolee Si cellsl oiee se es aCe as 3/37|.-| 3]--| 7] 3]--[z9] 3]z3]..| 3]47|--| 3]--|22] 3} 7/43] 3}--|2 
03 |..|..| 7| 3/z3l..| 3/zolzz| alz7]--| 3]. -]23] 3] 7/23] 3/zz]--| 3]--| 7] 3]]3]--]#9) 3/--]--| 3/29]--| 3/47/32) 3) _7/- 3]. .|rx sles ot ah ok ate 
07 ea eced SS heneH Ese eis Fill sai Peet eo) 3/r7|..| 3|IZ}..| 3/23]..]| 3] 7]--| 3/29)107/23 3|.-| 7] 3lazizal 3}. aA glesiauhafe 3) 7/59] 3/--}27| 3/11] 7 
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BEVEL 


The dimensions and angles of bevel gears may be calculated from the 
formulas of Tables 1 and 2 which have been arranged by JoxuNn 


Epcar (Amer. Mach., Apr. 13, 1905). The notation of the formulas 
is given in Figs. 1, 2 and 3. 


TABLE 1—FORMULAS FOR DIMENSIONS AND ANGLES oF BEVEL 
GEARS WITH SHAFTS AT R1GHT ANGLES 


Pinion | Gear 
Drametral pitehs .. «oss. kc dowee oN Alle eee ate eer EF Nis. tere tee 
Number of teeth... occas ecco Ni DixXP Ne D2XP 
HEIECINCIAMELET «515 6.001 6 © «1,200 er 0 Di Ni+P Dz Ne+P 
Ogtsiderdiameter. 0.0.0.4 ceca OD, Ditd OD2 | De+de2 
Diameter increase!............. di as008 -¢ de See 
Bp - iz 
ONTERIAN OO sp me cieieye <n ees overeat’ ¢ tan d= Aa i] oo-¢ 
Amgleancrement..% sc. .5.66 06005 é tan d= = aa $ Be Meta laa 
1 

PEA CGLAT PCr Petters lelo aero « asic es ole ee e.s-« ce ot ee | Ae epee 6+0 
Cutting Guys 5 gobGascoucedns ood] |COpoNe Oe Ales cera 6-9 
Number of teeth for which to N’ N1 nl N2 

select cutter. cos ¢ - sin ¢ 
Backing increment!............. Bi =e $ Bo cost 


Mite Note that backing increment is the same as one-half the diameter increase 
of the mating gear. 
For Notation see Fig. 1. 


The dimensions and angles of bevel gears having shafts at right 

angles may, in most cases, be obtained from Table 3 by CHas. WatTTS 
(The Engr., Aug. 13, 1900). 
A difference of practice prevails regarding the cut angle. By some 
the angle decrement is made larger than the angle increment while, by 
others, the angles are made equal—clearance being given by cutting 
the bottoms of the spaces parallel with the tops of the teeth of the mat- 
ing gear. 

When using revolving cutters the latter method is preferable 
while generated and planed teeth are cut by the former. The formu- 
las of Tables 1 and 2 are based on the latter practice and Tables 
3and4ontheformer. To use Tables 3 and 4 with the latter method, 
it is only necessary to use the angle increment for the angle decrement, 
this angle subtracted from the center angle giving the cut angle. 

The proportion of the gears, that is, the ratio of the number of 
teeth in the large gear divided by the number of teeth in the pinion, 
being known, the center angles are read directly from columns B. 


Hip im - D », - -—>\ Ea ‘ad 


GEARS 


TABLE 2.—FORMULAS FOR DIMENSIONS AND ANGLES OF BEVEL 
GEARS witH SHarts Not at Ricut ANGLES 


| Pinion | Gear 

Miametralepitebl. «sche. eee: 2 da |B ory fA GOCRORCIIRIO ICH PP Werete, c:staistateraists 
Number of teeth....... nooo eset DiXP Nez D2XP 
PIECHIGRATAOLCL verrslsteh ores <r Di Ni+P D2 N2+P 
Outside diameter........... OD, Dit+d OD2 D2+ds 
Diameter increase.......... dy 2c d2 : = - 
Center angle—shafts at less @ ban Gee sin O 6 O=a 

than 90 deg. N2 

nA +cos O 

Center angle—shafts at great- pall pesiee cos Vv @ O=¢6 

er than 90 deg. N2 : 

W,7 82 Vv 
ADGlelOl Sat tamyanermrseiiess CQ hevecasensgaevanese.c areae kere cefed| ove ha cecel| nieve: aeate Mens ase 
V O- 90° Movahatel| aketetelsverersintotete 
AMIgleMnCremlentan sncsee se. ¢ é Patni 2 So 2 EA ae eae 
1 
Mace angle sc weiivaysnsicys oie darvihe ravens P0- ge ta wae 646 
Cubtine angles iss cicrele cists ailiste sie P= 0" al Wee Net 6-2 
Number of teeth for which to ; Ni Ne 
N Sent N” —— 

select cutter. cos cos 6 

Backing increment.......... Bi = Z Bo =a g 


For Notation see Figs. 2 and 3. 


To find the outside diameters, add the diameter increment to the 
pitch diameters. The diameter increment is found by dividing the 
quantity in column F, for the large or small gear respectively, by 
the diametral pitch. 

To find the face angles add the angle increment to the center 
angles. The angle increment is found by dividing the quantity in 
column £ by the number of teeth in the large gear. 

To find the cutting angles subtract the angle decrement from the 
center angles. The angle decrement is found by dividing the quan- 


(Continued on page 116, first column) 
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Backits 


Fic. 1 Shafts at Right Angles 


as 


LE eS) SS 


Fic. 3 Shafts at niore than 90 Degrees 


Fics. 1 to 3.—Notation of formulas for dimensions and angles of bevel gears. 
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TABLE 3.—DIMENSIONS AND ANGLES OF BEVEL GEARS Wits Swarts aT RicHT ANGLES 


For notation see page 107. 
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Proportion of ies E D B 
wheels Large wheel Small wheel Large wheel | Small wheel 
1 tor 7.414 J 1.414 J 80°—36’+ K 93°—20'+ K 45° 45° 
t to 1.020 I.400+ J 1.428+ J 81°—18'+ K 94°—14/+ K 45°—34’ 44°—26' 
I to 1.040 1.386+ J r.442+ J 82°— of + K 05°— of + K 46°— 7’ 43°—53" 
r to 1.050 1.3704 J 1.448-— J 83°—16/+ K 95°—-35' + K 46°—24' 43°—36' 
1 to I.1co 1.345+ J 1.479+ J 85°— 4/+ K 97°—30'+ K 47°—43' 42°—17' 
Olle LE 1.3384 J 1.486+ J 85°—27'+ K 98°— 5/+K 48°—o0’ 42°—00’ 
Ttorm,.125 1.328 J 1.494+ J 85°—57/'+ K 98°—39'+ K 48°—22' 41°—38" ' 
1 to 1.143 1.3174 J I.505-- J 86°—31/+ K 99°—190'+ K 48°—48’ 41°—12" 
TACO SO 1.312+ J 1.509+ J 86°—45/+ K 99°—-35'+ K 48°—50’ 4r°— 1’ 
r to 1.166 1.301+ J I,518+ J 87°—18’+ K 100° —13/+ K 49°—24’ 40° — 36’ 
1 to 1.180 1.293+ J 1.526+ J 87°—43/+ K r00°—41/+ K 49° —43' 40°—17' 
1 to 1.200 n obtoaed! nae CL 88°—21'+ K 1o1°—24’+ K 50°—12’ 39°—48’ 
1 to 1.240 T.255+ J 1.557+ 5 89°—32/+ K 102°—46/+ K 51°— 7’ 38°—53’ 
I to 1.250 1.249+ J 1,561+ J 89°—47/+ K 103°— 4/+ K 51°—20' 38°—40" 
r to 1.280 1.231+ J 1.576+ J 90°—37/'+ K ro4g°— 1/+ K 52°—00’ 38°—00’ 
1 to 1.285 T5227 J 1.579+ J 90° —47'+ K 104°—12/+ K 52°— 8’ 37°—52’ 
I to 1.300 1.2197 J 1.585+ J g1°— 9+ K 104° —38’+ K 52°—26' 37°—34' 
I to 1.320 1.208+ J I.5904+ J 91°—39/+ K to5°—12/+ K 52°—51’ 37°— 9’ 
I to 1.333 r.200+ J 1.600+ J g1°—50/+ K 105°—35'+ K 53°— 7’ 36°—53" 
TtoMteg5o I.190+ J 1.607+ J 92°—24'+ K 106°— 4’+ K 53°—28’ 36°—32’ 
r to 1.400 I.162+ J 1.627+ J 93°—41'+ K 107°—25/+ K 54°— 28’ 35°—32" 
1 to 1.420 I.1si+ J 1.635+ J 94°— 2+ K 107°—56’+ K 54°—51’ 35°— 9’ 
1 to 1.428 r.147+ J 1.638 J 94°—12/+ K 108°— 7/+ K 55°—00’ 35°—00" 
1 to 1.440 I.141+ J 1.642+ J 94°—27'+ K 108° —25/+ K 55°—13' 34°—47' 
I to 1.450 1.135 J 1.646+ J 94°—39'+ K 108°—390/+ K 55°—24’ 34°—36" 
1 to 1.480 1,.120+ J r.657+ J 95°—16'+ K 109°—22'+ K 55°—57' 34°— 3° 
I to 1.500 I.109+ J 1.664 J 95°—41'+ K 109°—50/+ K 56°—10’ 33°—41 
1 to 1.520 1.099+ J 1.670+ J 96°— 5’/+ K 110°—16/+ K 56°—40" 33°—20" 
r to 1.550 1.084+ J 1.680+ J 96°—37/+ K 110°—54/+ K 57°—10" 32°—50’ 
I to 1.560 1.079+ J 1.684+ J 96°—48/+ K r1°— 7/+K 57° —20" 32°—40" 
1 to 1,600 1.060+ J 1.696+ J 97°—31'+ K r11°—56’+ K 58°—co’ 2°—o0’ 
I to 1.640 I.041+ J 1.706+ J 98°—11'+ K 112°—42/+ K 58°—38’ a ee 
1 to 1.650 1.036+ J I.710+ J 98°—21’+ K 112°—53/+ K 58°—47' nt —13’ 
r to 1.666 I.0290+ J 1.7159+ J 98°—36’+ K 113°—11'+ K 50°— 2’ ae 3 
I to 1.680 1,023+ J 1.718+ J 98°—40/+ K 113°—25’+ K 59°—14’ pete 
i ton. 700 T.014+ J 1.7247 J 99°— 77+ K 113°—46’+ K 59°—32’ o° — 28" 
Ito 1.720 I.005+ J 1.730+ J 99°—25/+ K r14°— 7/+K 59°—50’ ; °— to! 
I to 1.750 .992+- J 1.736+ J 99°—50'+ K 114°—36’+ K 60°—15" ae ar 
1 to 1.760 .988 + J 1.730% J 10o0°— of + K 114°—46" > K 60°— 24’ sitar 
1 to 1.8co .O7I+ J 1.748+ J 100° —31'+ K 115°—23/+ K need od 
1 to 1.840 955+ J 1.757+ J 1or°— 3/+ K 116°— o’+ K ed ° 
1 to 1.850 5051 J t.750+ J pees K aes 81 : pa da! ae 
I to 1.880 .940+ J 1.765+ J 1o1°—30/+ K 116°—32/+ K Be oe eo 
I to I.go00 2032-— J Bay 70m) J. tror°—45/+ K 116°—47'+ K Ais ‘ ee *. 
I to 1.920 .924+ J 1.774+ J to2°— o/ + K 117°— 3/+ K oa weit 
1 to 1.950 912+ J 1.779+ J 102°—19/+ K 117°—27'+ K 62°—er’ Ff sat 
I to 1.960 908 + J r.781+ J 102°—26’+ K rry%n4es K pase oe 
I to 2.000 894+ J 1.789 + J 102°—s1/+ K 118°— 3'+ K ee aa 2 
1 to 2.040 880+ J 1.790 J) 103°—15/+ K 118°—31r'+ K pire y pe.” 
1 to 2.080 866+ J 1.802+ J 103°—39/+ K 118°— 58!+ K ies ee a 
I to 2.100 850+ J 1.805+ J 103°—49/+ K 119°—10'+ K 64° , ne an 
I to 2.120 853+ J 1.809+ J 104°— o/ + K iio ’saahes K eae ee xe 
I to 2.160 840+ J 1.8157 J 104°—21/+ K zig’ ahha K a.” 5 Me a! 
I to 2.200 830+ J 1.821+ J 104°—40'+ K a K ye 7; Mae 
1 to 2.240 8154S 1.826+ J 10s°— of + K “ait tee : ed 24°—27' 
I to 2.2 a. : p ic 65°—-57 24°— 3° 
250 812+ J 1.827+ J 105°— 5/+ K 120°—37/+ K 66° c ms 
I to 2.280 lohan If reek er Uf 105°—19/+ K sae? = getis K pate, 2 phe 
1 to 2.300 TOT 1.834 J 105°—27'+ K okie er Regs 3 23°—4r’ 
I - ae 788+ J 1.8384 J 105°—42'+ K rare gare K aan a 
1 to 2. + : ° hig 7 Ps > 3 
360 .780-— J. 1.841+ J 105 —52'+ K 121°—31'+ K 67°— 2’ oes 
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F 


B . 


wheels E D 
Large wheel Small wheel Large wheel Small wheel 

I to 2.400 769+ J 1.846+ J 106°— o/+ K 121°—so/+ K 67° —23' 22°— 37! 
I to 2.440 Sanofi 0 ° , iif 

-44 7538 > r.o50— J 1060 —24"-— K 122°— 8’+K 67°—43! 22° = 47! 
on 2.480 pre J 1.855+ J 106°—30/+ K 122°—26/+ K 68°— 3’ 21°—57' 
1 to. 2.500 7434 SJ 1.857+ J 106°—46’+ K 122°—34’+ K 68°—12’ 21° — 48! 
1 tO 2.520 -738+ J 1.859+ J 1c6°—53/+ K 122°—40/+ K 68°— ar’ 21° — 30’ 
1 to 2.560 727+ J 1.863+ J LOR ATK, 122°—57/+ K 68° — 40! 21°— art! ° 
1 to 2.600 718+ J 1.866+ J 107°—18/+ K 123°—11/+ K 68°— 57’ ia et! 
1 to 2.640 708+ J 1.870+ J 107°—32/+ K 123°—25/+ K 69°—15’ 20° —45/ 
1 to 2.666 702+ J 1.872+ J 1c7°—30'+ K 123°—34/+ K 69°— 26’ 20° — 34’ 
I to 2.700 694+ J 1.8752 J 1c7°—50'+ K 123°—47'+ K 69°—41’ 20°—109’ 
1 to 2.720 690+ J 1.877+ J 107°—57'+ K 123°—53'+ K 69° — 40’ 20°—11' 
I to 2.760 681+ J 1.880+ J 1o8°— 7/+K 124°— 6/+ K 70°— 5’ 19°— 55’ 
I to 2.800 672+ J 1.883+ J 10o8°—17/+ K 124°—18/+ K 70° — 21" 19° — 30’ 
I e a ee : EERO af Boe seer K Aa eas K 70° — 36! 19°— 24! 
I to 2.880 656+ 1.889+ J 108°—37'+ K 124°—41'/+ K 70° —51' 19°— 9! 
I : 2.900 ae : 1.891+ J 108° —43/+ K 124°—53/+ K 70° — 50! 19°— 1 
I to 3.000 16325 t.897+ J 109°— 6/+ K 125°—14/+ K 71° —34’ 18° — 26/ 
I to 3.100 614+ J I.003=- J’ 109°— 26/+ K 125°—-37'+K 72°— 4! 17°— 53’ 
I to 3.200 .596+ J I.go9+ J 109°—45’+ K 126°— of + K 72°—30/ 17°—21' 
rt to 3.333 ait ee I.g15+ J t10°— 8/+K 126°—25’+ K 73°—18' 16°—42’ 
I to 3.400 564+ J I.919+ J 110°—20/+ K 126°—38’+ K 73°—37' 16° — 23’ 
I to 3.450 55775 I.g21+ J 110°—26/+ K 126°—46'’+ K 73°—5c’ 16°—10' 
I to 3.500 549+ J 1.923+ J 110° —34/+ K 126°—55/+ K TY 15°—57’ 
I to 3.550 542+ J T.925+ J 110°—41'/+ K 127°— 3/+K 74° — 16! 15°—44’ 
I to 3.600 535+ JI 1.927+ J r10°—48/+ K 127°—11'/+ K 74° —20/ I5°—31’ 
t to 3.631 och Gece f 1.928 J T10°—52/+ K 127°—15/+ K 74° — 36’ 15°—24' 
I to 3.684 524+ J I.930+ J I10°—509/+ K 127°—23/+ K 74°—40/ 15°—11' 
I to 3.736 517+ JS 1.932+ J rmr°— 5/+K 127°—30'/+ K 75°— 1’ 14°— 50’ 
£03777 512+ J E034 J) 111°—10/+ K 127°—36/+ K 75°—10' 14° —50/ 
1 to 3.789 510+ J 1.934+ J teeta a7 37 2 het =o 14 47 
I to 3.833 505+ J 1.9357 J r11°—16/+ K 127°—43'/+ K 75° — 23° 14°—37’ 
I to 3.888 .496+ J L037 sa) 11r°—22/+ K 127°—48'+ K 75°—35' 14°~ 25’ 
1 to 3.944 .492+ J 1.938: J r11°—27/+ K 127°—53'+ K 75°—46’ 14°—14’ 
I to 4.000 485+ J I.940+ J r11°—33/+ K 128°— 3/+ K 75°—58’ T4°— 2’ 
1 to 4.111 BA 2 sad 1.943 + J r11°—45’/+ K 128°—16/+ K 76°—at’ 13°—30' 
I to 4.176 466+ J 1.945+ J r11°—so/+ K 128°—22/+ K 76° — 32’ 13°— 28’ 
I to 4.235 459+ J 1.946+ J r11°—54’/+ K 128°— 28/+ K 76° — 43’ 13°—17’ 
I to 4.312 452+ J 1.948+ J rr2°— 17+ K 128°—35'+ K 76°—57’ 13° — 4 
I to 4.375 446+ J I.949+ J 112°— 6’+ K 128°—40'+ K 77°— 7" 12°— 53’ 
I to 4.428 .440+ J T.951+ J 112°—10'+ K 128°—45'+ K 77°—17' 12°—43/ 
I to 4.500 -434+ J 1.952+ J r12°—15/+ K 128°—s1'+ K 77° — 28/ 12°—32' 
¥ to 40571 427+ J 1.954+ J 112°—20/+ K 128°—57/+ K 77°— 40’ 12°—20! 
I to 4.666 419+ J 1.955+ J 112°—26'+ K 129°— 3/+ K 77°— 54’ 12°— 6/ 
I to 4.800 .408 + J 1.958+ J 112°—35'+ K 1290°—13/+ K 78° —14’ 11°—46’ 
I to 5.000 .392+ J T.961+ J 112°—45/+ K 129°—26'+ K 78°—a4t1' I1°—19’ 
I to 5.142 .382+ J 1.963+ J 112°—53/+ K 129°—34/+ K 79°— oO’ 11°— o! 
I to_5.230 375+ I 1.964+ J 112°—57/+ K 129°—39/+ K 79°—11' 10° — 40’ 
zt to'5.385 “305 J 1.966+ J 113°— 3/+ K 1290°—46'’+ K 79° — 20’ 10°—31' 
1 to 5.461 360+ J 1.967+ J 113°— 6/+K 129°—49'+ K 79°—37 10°23. 
1 to 5.538 6355+ J 1.968+ J 113°—10'+ K 129°—53/+ K 79° —46' | 10°—14’ 
1 to 5.666 348+ J 1.969+ J ag 10, KR 129°—59'+ K 79°—59" eae 
TtO\ 5.750 .342+ J 1.970+ J 113°—18/+ K 1290°— 2/+ K 80°— 8’ 9° —52' 
I to 5.833 1338 J 1.o71+ J 113°—20'+ K 130°— 5/+ K 80° — 16’ 9°—44' 
1 to 5.916 3334+ 5 1.972+ J 113°—23/+ K 130°— of + K 80° — 25’ 9°—35' 
I to 6.000 328 J 1.972 J 113°—26/+ K 130°—12’+ K 80° — 33’ 9°—27’ 
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tity in column D by the number of teeth in the large gear. The 
cutting angle thus obtained gives the standard Brown and Sharpe 
depth for involute teeth. 
The use of the table is best shown by an example: 
Gears of 60 and 30 teeth; 8 diametral pitch 


Proportion 60 to 30=2 tor 
x ‘ ; 60 .894 60 , -804 
Outside dia. of large gear =pitch dia.+F= 7 + Ti ge 


=74+.112=7.612 ins. 


Center angle of large gear Og” wei Ee 
y fs 102° 51 
Face angle of large gear = 63° 26’ + H= 63 26 ee 
° fe 
98° 26'S =63° 26/+1° 43’ 
O58 9’ 
° , ° a 118° or 
Cutting angle of large gear =63° 26’—D= 63° 26° — K 
(oes 
=(63° 26'S (95, 26/—1° 50’ 
=Gn? a7 


The dimensions and angles of miter gears, of diametral pitch may, 
in most cases, be taken from Table 4 by Wm. G. Taum (Amer. Mach., 
June 13, 1907). 

The profiles of the teeth of bevel gears are laid out on the developed 
backing cones as indicated in Fig. 5. The number of teeth contained 
in the circumference of the developed cone is to be calculated by 
dividing the actual number of teeth in the gear by the cosine of a, 
or by multiplying twice AO by the diametral pitch. The number 
of teeth thus found is to be used when consulting Grant’s odonto- 
graph, which see, for the various radii, the profile being drawn as 
for this number of teeth and as for a spur gear of pitch radius OA. 


Strength of Bevel Gears by Calculation 


The working loads on bevel gears may be determined from the 
formula proposed by Witrrep Lewis (Proc. Eng. Club of Philadel- 
phia, 1892) as follows: 


ae 
W= SPfy— 
a 


in which W =pressure on teeth, lbs., 

S=fiber stress, lbs. per sq. in., this stress being dependent 
on the speed in accordance with Table to given in con- 
nection with the Lewis formula for spur gears, which 
see, 

P=circular pitch, ins., 

f=face, ins., 

y=a factor for different numbers and forms of teeth in 
accordance with Table 12 given in connection with 
the Lewis formula for spur gears, which see. In se- 
lecting this factor for bevel gears the actual number 
of teeth is to be multiplied by the secant of one-half 
the pitch cone apex angle, the result being the equiva- 
lent number of teeth for which y is to be selected, 

d=inside pitch diameter, ins.. 

D=outside pitch diameter, ins., 

The formula presupposes that d is not less than 3D, which it should 
never be. 


Strength of Bevel Gears by Graphics 


The working loads on bevel gears may be determined by the follow- 
ing method, by Ropert A. Bruce (Amer. Mach., May 31, 1900) 
which is based on and gives the same results as the Lewis formula: 

First, find the face of a spur gear equivalent to the actual face on 
the bevel gear by the use of Fig. 6. Instructions for use are given 
below the chart. 

Second, find the number of teeth of a spur gear equivalent to the 
actual number of the bevel gear by the use of Fig. 7, for which 
instructions for use will be found below it. 


Fic. 5.—Profiles of bevel gear teeth. 


Third, using the equivalent face width and number of teeth, 
follow the instructions for Mr. Bruce’s chart for the strength of spur- 
gear teeth, Fig. 7 of the section on Spur Gears. 

If desired, the Lewis factor y may be found by tracing downward 
to the second curve of Fig. 7 of this section and thence horizontally 
to the value of the factor at the right, as shown. 


Selecting Bevel Gears from Stock Lists 


Commercial or listed bevel gears for shafts at right angles may 
frequently be used for shafts at other angles, especially if the re- 


; H (Outside Dia.) | 


BEVEL GEARS 


A =Cutting angle = B— 


B=Center angle 
C=Face angle =B+E 
D=Angle decrement 
E=Angle increment 

F =Diameter increment 
G =Pitch diameter 


D 


H=Outside diameter =G+F 


J =Diametral pitch 


K=Number of teeth in large wheel 
L=From pitch line to outside angle =3 diameter increment of 


mating wheel 
G+F=H 


Angle B-+-angle E=angle C 
Angle B—angle D=angle A 


The values of F, E, D, B are shown in table 


Notation of Table 3. 


TABLE 4.—DIMENSIONS AND ANGLES OF MITER GEARS 
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ee ee ee eh tiametors AY 
ae oF 3 Pi) ap. | sP lop.) °7P.] 8 P.| 10 Pll. P. 
12 6 4 3 25 2 17 1} Ii 6.71 
13 63 43 3% 23 2t| 37 1 135 7.21 
14 7 43 34 28 23 2 1} Ty 7.71 
15 73 5 aye 3 28 | 2% rt 115 8.21 
16 8 54 4 38 28 | 23 2 Tx'o 8.71 
17 84 53 43 38 28 | 23% 2} t¥0 || 9.22 
18 9 6 43 38 3 24 2} 1x5 9.71 
19 94 63 43 33 3% | 27 23 Ii || 10.21 
20 ro 63 5 4 33 | 2% 2} 2 10.71 
21 10} 7 5% 48 Seales 2g 2x5 || Ir.21 
22 II 73 54 45 32. 153 23 ayy || 11.71 
23 II} 3 5% 45 38 | 33 2} 2x0 || 12.21 
24 12 8 6 48 4 | 33 3 ays || 12.71 
25 12} 83 6% Sa 48 | 37 34 2zo || 13.21 
26 13 83 63 58 48 | 37 3t aro || 13.71 
27 133 ot 63 58 43 | 3% 33 2zro || 14.21 
28 14 94 7 58 46 | 4 3} ayo || 14.71 
29 14} 93 Zi: 55 48 4t 3k 21% 15.21 
30 Is bao) 74 6 5 43 32 3 15.71 
31 15% | 103 73 65 53 | 43 3k 315 || 16.21 
32 16 103 8 5 53 | 4% 4 3x5 {| 16.72 
33 164 | It 8} $ 58 | 47 4% Bio ||| 27 22 
34 17 1} 8} 6 5é | 4% 4t Sip. |) 17275 
35 17% | 113 8% 7 Sa fi 43 3yYo || 18.21 
36 18 12 9 7% 6 57 4} 310 || 18.72 
37 18} 124 ot 7% 63 | 57 44 3x0 || 19.21 
38 19 123 94 1% 63 53 4 3r0 || 19.71 
40 20 13% 10 8 68 5% 5 4 20.71 
42 21 I4 10} 8% 7 6 5t 4% ar 70 
44 22 143 II 8% 9% 63 53 4%s || 22.71 
46 23 153 | 114 ot 74 3 53 Ato || 23.71 
48 24 16 12 92 8 $ 6 Aro 24.71 
50 25 163 123 10 8% 1% 6% 5 25.71 
54 27 18 13% | 10% 9 14 6% 510 || 27.71 
58 29 193 | 144 | 118 9% | 83 73 510 || 29.71 
60 30 20 15 12 10 84 74 6 30.71 


Outside diameters Face Cut 
| 3P.| 4P. | sp.| 6oP.| 7P.| 8P.| x0 P.|| angle | angle 
4.48 SSS. 2.68 2.240 NOs net OSme ies POY | Ry Sa 
4.80 3.60 2.88 2.40 | 2.06 | 1281 | 1.44 || 51° 12’ | 37° 407 
5.14 3.85 3.08 SiS 22 On|) he O Salads 5a) 507 47" | 38e 20” 
5.46 4.10 3.28 2673) 22351) 2000.) B64 BO? 237 35540" 
5.80 4.35 3.48 2.90 | 2.40) | 2.58 1.74 50° 03’ | 39° 00’ 
6.14 4.60 3.68 3207 12.03) 2035) |r. o4 tHe49e4s7an 30°) 307 
6.48 4.85 3.88 Gine4 12677) e2e43u| 1-04 I Ao so 5 30448" 
6.80 5.10 4.08 3-40 | 2.92 | 2.56 | 2.04 || 49° 15’ | 40° 04’ 
7.14 §.35 4.28 3257 3200-12368 |) 2.1401| 40° 037 | Zot r9/ 
7.46 5.60 4.48 3.73mi 20) 252 i224 sh ASc esr Aouse4 
7-80 | 5.85 | 4.68 | 3.90 | 3.35 | 2.93 | 2.34 || 48° 41’ | 40° 45’ 
8.14 6.10 4.88 4.07) | (349) |" 3.00 |) 2.44) ||| 48° Sr” ||) 0c 567 
8.48 6.35 5.08 ASZAN ESOS Mess LSU. SA |e AGc 22a AT OIOGE 
8.80 6.60 5.28 A AON 3/77 Se 3k | e204 || ASe 4m ea rorrs4 
9.14 6.85 5.48 4a57 |) 392 | 3 d3) | eral 48° 077 |) Arlo” 
9.46 re LO) 5.68 4.73 | 4.06 | 3.56 | 2.84 || 48° 007 | 41° 32’ 
9.80} 7.35 | 5.88} 4.90 | 4.20 | 3.68 | 2.94 || 47° 54’ | 41° 30’ 
10.14 7.60 6.08 5.07 | 4335) | 38h | 3204 ||) 47° 47" Are 267 
10.48 | 7.85 | 6.28] 5.24 | 4.49 | 3.93 | 3.14 |] 47° 42’ | 41° 53’ 
10.80 8.10 6.48 BAO) A OZ) An00 es. 24 ullea7c63 7, AEE R Oe 
II.14 8.35 6.68 Se57 | Ae77 | AaLS tege34 ql 47 321 4a> 04" 
Ir.46 8.60 6.88 S73 eAcO2 | Augt aScaaell 47 way A zoetOm 
11.80 8.85 7.08 520071500) leAwAs les esau Age 20 Ie Asornae 
£2.04 9.10 7.28 62077)" 5208) 4.50) 3.0401) 272 TO" Weg aoe O” 
12.48 9.35 7.48 Ga 2405535. | 4.68) Sara ayo es: aes 244 
12.80 9.60 7.68 6,40" | 5249174. 8re | Sa84 ll ago Lr eaac aoe 
T3-04 | (9.85| | 7.88)" (0.57) 5.63 || 4203, | 3.045|| 47° 087 | e4ataes 
13.80 | 10.35 8.28 6200 | 5.92 | 5.18 | 4.24 || 47° or’ 4 42° 30° 
14.48 | 10.85 8.68 7 2A 6220 | 5143) 4.34 || 46% 567 42° 46’ 
Y5 TA) | DiS 9.08 TST MN OsAO {e508 | dasa 46° 050% je qaors an 
15.80 | 11.85 9.48 7.90 | 6.77 | 5.93 | 4.74 || 46° 46’ | 42° 587 
16.48 | 12.35 9.88 8.24 | 7.06 | 6.18 | 4.94 || 46° 42’ | 43° 067 
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quired gears have a ratio of unity, and the bevel-gear ratio may 
frequently be made unity when the speed ratio is not by adding a 
pair of spurs to the train. The following explanation of this fact 
and of the method of selecting the gears from gear-maker’s lists is 
due to W. C. Conant (Amer. Mach., June 13, 1901). 

In Fig. 8, AB and CD are right-angle pairs having the same cone 
apex, pitch and tooth system. Inspection will show that B and C 
will mesh together properly. Given the shaft angle NOM and the 
ratio of B and C, the problem is to find the right-angle pairs AB and 
CD from which to select B and C. Going further, it is equally evi- 


dent from Fig. 9 that gear A may mesh with an indefinite number of 
gears BCDE, provided that the pitch cones intersect at the common 
point O, and the gears BCDE may all be members of right-angle 
pairs, each combination AB, AC, AD, AE giving different angles of 
Alo Ay TAs Al 
BiG DB 

The conditions given in practice are, two shafts intersecting at 
any angle to run at any speed ratio, to find from standard lists bevel 
gears that will meet the requirements. 

Referring to Fig. 8, let OM and ON be the center lines of two 


shafts and different speed ratios 
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A A 
shafts and let C and B be the pitch lines of any two bevel gears aes | OR= 5G ae 
that will give the required speed ratio. Draw OP perpendicular 
to OM and dotted line from R perpendicular to OP; this latter line therefore <= MOR ~ cos MOR 
to represent the pitch line of a gear mating with B to form a right- A _cos MOR 
angle pair. By a similar construction draw D to form aright-angle or a aa BOL 
pair with C. It is evident from the figure that any diameter gear A S 
B Oa € : non ; 
B having a ratio with its mate A of A and any diameter gear C : 008 prise 
when =~ Pp 
having a ratio with its mate D of er iigae correctly together pro- sin MOR 
B ve : In the same manner it can be shown that 
3 ; ; : R 
vided ratio. is.a constant, the most favorable case being that when D _008 NO. 
. Sea | Cc - sin NOR 
on gears B and C being identical. To solve the problem, it is Example-—Required a pair of gears to connect two shafts aE an 


Breadth of Face of Equivalent Spur Wheel, Ins. 
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Values of Y= Breadth.of Face of Bevel Wheel Divided by Length. of Slant Side of Pitch Cone 


Divide the width of face by the length of slant height of pitch cone, the result being r; find the value of r on the base line, trace vertically 
to the curve, horizontally to the diagonal for the actual face width and vertically to the top where read the equivalent face width. The ex- 
ample is for r= .25 and actual face width =5 ins., the equivalent face width being 3.85 ins. 


Fic. 6.—The face of bevel gears reduced to the equivalent face of spur gears. 


rps #8 G 
only necessary to find the ratios x and D and select the proper angle of 60 deg., the speed ratio C=R=1, giving at once MOR= 


member from each pair. We have, NOR=30 deg. Substituting the sine and cosine of 30 deg. in (c) 
Angle MON =angle MOR-+angle NOR (a) eee (d) we have: ar 
; moe 2 C a ae a 
Since | OR=37 MOR and OR =sin WOR -500 ‘ 
B C and we have only to find a pair of right-angle gears of the required 
therefore ain MOR sim NOR strength having this ratio; for example, gears having 24 and 42 teeth 
j (Ne give a ratio of 1.75, which is sufficiently accurate for the class of work 
or, sin VOR= jin MOR for which cast gears are used. Of these we may obviously use either 
ie nial 
te : ns e pinion or the gear. 2 ‘ 
If the required gears are to havea different ratio z=R== 
when sin NOR=R sin MOR (b) pate _ on 


we find by inspection of a table of natural sines les to satisf 
From a table of natural sines select such values for the angles equations (a) and (b). Thus we find that pe y 


MOR and NOR that their sum is MON and that sin NOR is R times Sin 41°(=.656)=2 sin 19°=(2X.326) nearly, and that 41°+10° 
sin MOR, thus satisfying equations (a) and (b). If the gears are =60°, which is to say that angle NOR= 41° one angle MOR=10° 
to be equal, R becomes 1 and the angles MOR and NOR are equal. Substituting the values of the sines and cosines in (c) and (¢) we get 


We have next to find the values of and of 2 Pee at ae 9 
. 3255 
Since OR 7547 


=sin MOR and t= Ge6q 7 EES 


q 
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: F Tom a catalogue list we now select the pinion of a pair of right-angle 
gears having a ratio of 2.9 and we will suppose that a pair found 
having 17 and 50 teeth answer the requirements of strength. 

Since the speed ratio of the shafts is to be 2, the gear to run with 
the 17-tooth pinion must have 1 7X2=34 teeth and it must come from 
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Half Angle of Pitch Cone in Degrees 


oO 5° 10° 


Find the half angle of the pitch cone on the base line; trace 
vertically to the curve of secants, horizontally to the diagonal 


for the actual number of teeth, and vertically to the equivalent 


number of spur teeth at the top. The example is for half cone 
angle =31%4 deg. and actual number of teeth=34, the equivalent 
number of teeth being 40. 


‘Fic. 7.—The number of teeth of bevel gears reduced to the equiva- 


lent number of teeth of spur gears. 


a pair in which it mates with a gear having 34X1.15=39 teeth. 
Therefore the 17-tooth pinion selected from the first pair and the 
34-tooth pinion from the second are the gears required. 

In order to determine whether the pinion or gear of a given pair 
is to be used, observe the following rule: 

When the angle MOR is less than 45 deg., use the pinion of the pair 
B-A, and conversely when the angle MOR is greater than 45 deg., 
use the gear of the pair B-A. As a corollary it follows that the 
same rule applies to the pair D-C, using the angle NOR as the 
critical angle. 

As Fig. 8 is drawn with angle MON less than 90 deg., Fig. 10 is 
drawn toshow angle MON greater than a right angle. It will be ob- 
served that the obtuse angle uses larger gears than the acute angle, 
of which advantage may be taken in cases where strength is needed 
and consequently large gears required. 

While it will generally be possible to find a pair containing one of 
the required gears, it will usually be found more difficult to find a 


pair from which the mating gear can be selected. That is to say, 


having found the 17-tooth pinion, it will be difficult to find a 34- 
tooth pinion belonging to a pair having a ratio of 1.15 with the same 
pitch and face. There is also the danger that the teeth of the two 
pairs from which the mating gears are selected may have been de- 


119 


signed for different systems and that therefore the mating gears will 
not run well together. For these reasons it is better to use two gears 
of the same size and make the required speed change at some other 
point. At the worst, if only a single stock gear is used, that much 
pattern work will be saved. 


Fic, 10. 


Fics. 8 to 10.—Stock bevel gears for shafts at any angle. 


Cutting Bevel Gears with Rotary Cutters 


High class bevel gears cannot be made with rotary cutters. The diame- 
ter of a gear and the pitch of its teeth diminish as the cone apex is 
approached and the tooth profiles should change to correspond but 
this condition cannot be’ met with revolving cutters. Nevertheless, 
for many purposes, gears made with such cutters are entirely satis- 
factory and they will, no doubt, continue in use for the indefinite 
future. a) 


The Offset Method 


When the usual, or offset, method is employed, a cutter having 
the correct profile for the outer ends of the teeth is selected. The 
thickness of this cutter must, however, be such as to pass through 
the spaces at the inner ends, and since cutters for spur teeth would 
cut spaces due to the pitch at the outer ends, such cutters cannot be 
used for bevel teeth. Since the sides of the spaces between the teeth 
radiate from the cone apex, they must be cut separately, the blank 
and cutter being adjusted for each cut. 

The general nature of these adjustments may best be studied by 
considering a case having exaggerated proportions and, for this 
purpose, cutters with straight sides may be substituted for those 
having involute profiles. ‘Taking first a cutter with parallel sides, 
Fig. 11, it is clear that by offsetting the cutter to the left one-half its 
thickness, the right side of the cut will be radial with the pitch cone 
apex of the blank. If the cutter be then adjusted to the right by 
its thickness, Fig. 12, the blank being turned to the right by the width 
of the space, the left side of the cut will be radial. 

With a tapering cutter, Figs. 13, 14, 15 and 16, the action is quite 
different. As the cut proceeds, its depth decreases. The pitch 
line ab, Fig. 13, must lead to the cone apex 0. At the beginning of 
the cut, its point a is cut by the corresponding point a’ of the cutter, 
Fig. 14, this being found by measuring up from the end of the cutter 
the distance of a, Fig. 13, from the bottom of the cut. The cutter 


being offset by one-half its thickness at this point a’, the point a, 
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Fig. 14, will be on the center line of the blank. At the end of the 
cut, however, the inside pitch point b, Figs. 13 and 14, is cut by the 
point b’ of the cutter, this point being found in the same manner 
as a’. The pitch line ab, Fig. 14, therefore does not lead toward 
the cone apex, but to the left of it. In order that it may so lead, 
as it must, the cutter has to be adjusted to the right, as in Fig. 15, 
until the points ab are radial with the cone apex. 

This adjustment reduces the offset of Fig. 14. The actual adjust- 
ment is usually determined by trial and, for those having experience 
in the work, that is a satisfactory way. Those without experience 
would, however, prefer a more definite method, and the amount of 
the adjustment is easily determined by calculation. : 

This adjustment must be such as to shift the pitch line, ab, Fig. 14, 
to the right by the distance cd such that the pitch line extended passes 
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= ee 
The original offset of Fig. 14 being >, the final offset of Fig. 15. 


which equals od becomes 
Final offset =4— (:-£) sper 
FFE NS 9 face 
The values of ¢ and #’ are to be determined by measuring the thick- 
ness of the cutter at the outer and inner pitch points with a micro- 
meter or gear-tooth caliper. These values determined and the offset 
calculated, the cutter is adjusted to the offset and the gear is cut 
once around. The cutter is then adjusted to the right of the cutter 
line to the same offset, Fig. 16, the blank is adjusted to correspond 
and the cut is made a second time around. 
The movement of the blank from the position of Fig. 15 to that of 


Fic. 11. 
Fics. 11 AND 12.—Action of a cutter with parallel sides. 


Direction of Feed 


| Ay 
eee ikpex Distance === 


Bie. 13" Fic. 34. 


Fic. 15. Fic. 16. 


Fics. 13 To 16.—Diagrams of the offset method. 


through the cone apex, as in Fig. 15. Calling the thickness of the 
cutter at the outer pitch point ¢ and at the inner pitch point ?’, it is 
clear from Fig. 14 that 


cd hese 
ae 


Inspecting Fig. 14 we see that 


eee 
be=--—— 
EN 


apex distance 
face 
Es (- —‘) apex distance, 
ies 


ao 
and for ae We may place the equal ratio, , Fig. 3, giving 


face 


1 The slight error in this formula is so small as to be negligible. 


Fig. 16 is also calculable, but the calculation involves finding the 
lineal value of the movement at the pitch circle and then the trans- 
lation of this value into angular measure. The determination of the 
adjustment by trial is therefore preferable. With the cutter prop- 
erly offset, the second cut at the pitch line will always be radial, the 
only thing remaining being to so turn the blank as to insure the cor- 
rect thickness of the teeth. This thickness for the outer end is to 
be taken from a table of tooth parts for spur gears, the blank being 
adjusted by trial until this thickness is obtained. 

The result is a set of teeth which are correct throughout their length 
at the pitch line, but not elsewhere. The correct radius of curvature 
at the outer is greater than at the inner end of the teeth, whereas the 
cutter being selected for the outer end, continues the larger curvature 


= vi 


BEVEL GEARS 


throughout the length, the result being a surplus of metal outside 
_ the pitch line which increases as the inner end is approached. This 
surplus is removed by filing, as indicated by the dotted lines of Fig. 
17, which is taken from one of the Brown and Sharpe publications. 
Care must be used that this filing does not reduce the teeth at the 
- pitch line. : 
The number of the cutter is usually selected as for a spur gear of 
radius af, Fig. 13, the number of teeth in this spur being equal to 
2XafXdiametral pitch. If, however, the cut angle is less than about 
30 deg., the rotation of the blank from the position of Fig. rs to that 
of Fig. 16 leads to an undue narrowness of face at the outer diameter 
and a cutter one or two numbers lower than the one given by the 
rule may be selected. The use of the lower numbered cutter neces- 
sitates more filing of the teeth and, if the operator is not experienced 
in filing, the rule may be followed. 


Fic. 17.—Surplus metal removed 
by filing. 


For teeth coarser than five diametral pitch in cast iron, it is ad- 
visable to take a preliminary stocking cut, and in steel such a cut 
should be taken in nearly all cases. With this system of cutting 
the face of the gear should not exceed two and one-half times the 
outer pitch or one-third the apex distance—whichever is less. 

Fig. 18 shows a gear blank set up for cutting, the cut angle fog 
being the angle fog of Fig. 13, and equal to the center angle minus 
the angle increment. Fig. 19 shows a gear in various stages of 
progress. At K is a tooth at the completion of the stocking cut and 
too thick throughout; at L is a tooth as it leaves the miller, correct 

at the outer but still too thick at the inner end; at M are teeth as 
‘they should be after filing. The blanks should be accurately made 
in order that the depth of cut may be marked on them—this for the 
outer end being taken from a table of tooth parts for spur gears. 
Figs. 18 and 19 also are from the Brown and Sharpe publications. 


The Parallel Depth Method 


This method, due to A. D. Penta (Amer. Mach., Sept. 10, 1891) 
has the following features: Both the adjustments are made posi- 
tively from calculations; spur gear cutters are used; filing the teeth 
is eliminated; the tooth profiles depart less from the correct forms 
_than those cut by the offset method and such departure as there is 
isin the opposite direction where it does less harm, and the teeth at the 
outer diameter are of the stub type and hence stronger. Finally, 
the method may be used on any gear cutting or universal milling 
machine, The gears have an unusual appearance because of their 


Ftc. 18.—Blank set for 
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stub teeth, but this will lead to criticism by the unthinking only. 
Those without experience will obtain better results from this than 
from the offset method. 

The method takes advantage of the fact that there is no geometrical 
necessity for the face and working depth cones having a common apex 
with the pitch cone, this common apex being nothing more than an 
outgrowth of the custom of maintaining a uniform ratio of depth to 
pitch throughout the length of the teeth. This ratio was adopted 
in the case of spur gears as a necessary feature of interchangeable 
sets running from a twelve toothed pinion to a rack. This considera- 
tion does not enter the case of bevel gears, each pair of which is a 
thing by itself, and there is hence no necessity for adhering to the 
customary ratic or to common cone apices, which do no more than 
provide a fixed ratio throughout the length of the teeth. 

In carrying out the method, the cutter is selected for the inner, 


Fic. 19.—Gear in various 
stages. 


cutting. 


or smaller, pitch circle. Just as when the cutter is selected for the 
outer circle, surplus metal is left at the inner ends of the teeth, so, 
when the selection is made for the inner circle, there is a deficiency 
at the outer ends because of which the filing is eliminated. More- 
over, the teeth being stubbed at the outer ends, the length of profile 
there is less, and the amount of departure from the correct profile 
is correspondingly reduced. 

The principle of the method is shown in Figs. 20, 2t and 22. The 
center, or pitch cone angle is determined as usual, but the face is 
turned parallel with the pitch cone at a distance from it equal to the 
addendum for the inner pitch, this addendum being taken from a 
table of tooth parts of spur gears, and this work should be accurately 
done, as the adjustments depend upon it. Spur gear cutters are 
used, the pitch of the cutter being selected with reference to the 
inner, or smaller, pitch circle, the number of the cutter being that 
for a spur gear of radius ab, Fig. 20, the number of teeth in this spur 
being equal to 2abXdiametral pitch. 

The blank is adjusted in the miller at the pitch cone angle, the feed 
being parallel with this cone face and the teeth throughout their 
length of a constant depth, having the usual ratio with the inner 
pitch. Two cuts are taken for the two sides in the usual way. 
Above six pitch in cast iron and for all pitches in steel, a central 
stocking cut is advisable. 

Consulting Fig. 20, it is clear that, the feed being parallel with the 
face of the pitch cone, the pitch line ac of the tooth is traced by the 
same point of the cutter, this point a’, Fig. 21, being found as before 
by measuring up from the end of the cutter the distance ad, Fig. 20, 
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Hence, if the cutter be offset by one-half its pitch thickness, bringing 
the point a’ to the center line of the blank, the pitch line ac, as shown 
With the parts so set, one cut around is 


in Fig. 21 will be radial. 


Fic. 23.—VDarallel depth bevel gear. 


made. 


one-half an index spacing—both to the 
positions of Fig. 22—and the second cut 
around is made, completing the gear. 

The outside diameter of the blank is 
determined by the formula: 


Outside diameter =inside pitch diameter 
+f sin +26 cos 
the notation being as in Fig. 20. 

A pair of gears cut by this method is 
shown in Fig. 23, from which thes tub 
shaped teeth at the outer diameter will 
be apparent. Calculations for strength 
should be based on the outer pitch, re- 
membering, however, that the stub form 
gives an excess of strength over gears 
cut in the usual way. 

The only limitation of the face width 
of gears cut in this manner is that due 
to the increased stubbing of the teeth 
that goes with increase of face which, 
obviously, may be carried too far. A 
safe guide for the permissible amount 
of stubbing may be found in the propor- 
tions that have been worked out for 
stub toothed spur gears. 
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Next the cutter is moved to the right twice its pitch line 
thickness (that is the thickness of a tooth at the inner pitch circle) 
and the blank is turned to the right 
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Fics. 20 To 22.—The parallel depth method. 


Modified Addendum 


The undercut of low numbered pinions is an outgrowth of the feature 
of interchangeable sets of spur gears. This feature does not enter 
the case of bevel gears and it is desirable to eliminate the weakening 
effect of the undercut. In generated bevel gears this may be done 
by decreasing the addendum of the gear and increasing that of the 
pinion. Gears so modified are more noisy and less durable than those 
of standard proportions, but the advantage of increased strength 
leads to their frequent use, especially in automobiles. 

The addendum angle of the wheel teeth of a right-angle pair of 
gears, if undercutting of the pinion teeth is to be avoided, is given 
by the equation: 


tan B=*V/ tan2a+sin°6 cot?a+2 sin?é—tan a 


in which a=pitch cone angle of large gear, 
8=addendum angle or angle increment of large gear teeth, 
65= pressure angle. 


Angle of Correction 


Fic. 24.—Angle of correction to avoid undercut of bevel gear teeth. 
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With low numbered pinions this angle @ is less than the standard 
addendum angle, the difference being the angle of correction. Prac- 
tically, if this correction is made equal to 46 of the calculated amount 
the resulting undercut is so small as not to be noticeable. Fig. 24, 
by the Bilgram Machine Works, gives, without calculation, this 
46 of the theoretical angle of correction. The chart applies to gears 


; of 15 deg. pressure angle. 


The Gleason Works give a minimum number of teeth for the pinion 
to be used with the standard addendum as shown in the following 


table: 


i 


Minimum No. of 


ad teeth in pinion— 
std. teeth 

fT to Tr I4 
tls tor 18 
2etOrE 19 
BULOveE 21 
4 tor 21 
5 tor 21 
6 tor 21 


If the pinion has fewer teeth than thuse given in the table the 
following proportions are used: 
Gear addendum =.3 X working depth 
Pinion addendum =.7 Xworking depth 


These proportions are used for a pressure angle of 1414 deg. 


TABLE 5.—AXIAL THRUST OF BEVEL GEARS 
By L. S. Cope 


SECTION ON LINE SS’ 


ANNA 


TTT Tt 


F 


a=pressure angle of the gear teeth, 

P=tooth pressure at middle of tooth face, 

N =a normal through the point of contact, 

F=P tan w=pressure resolved along line SS}, 
SS!=a normal section through the gears, 

b=pinion angle, 

T =thrust on pinion=P tan asin J, 

T'=thrust on gear=P tan a cos b. 


Following table gives factors by which the tooth pressure is multi- 
plied to find the thrust. 


————— eeeeeeeeeeeeEeEeETEeEeEeEeEeeeeeeeeeeF 


Pressure angle (a) 

ea 146° 5 Ape 20° 22° 
ratio 5 ———— - ae = 

Gear | Pinion | Gear | Pinion | Gear | Pinion | Gear | Pinion 
2S .183 .183 .189 189 257 7257 .286 .286 
144—1 215 -143 Bde Re | .148 -303 .202 336 224 
2—T 232 .116 -239 120 -325 .163 361 181 
21446—I1 240 0906 .249 100 -338 .135 375 I50 
3 -—I 246 .082 .254 .085 -345 .1I5 383 128 
3h4—1 249 O71 258 074 .350 .100 3890 III 
334—I | .250 .067 .259 069 1352 .0904 390 104 
4 —I | .251 .062 .260 .065 Pasa 088 392 007 
44—1 253 .056 .262 .058 -355 .079 394 087 
1 254 O51 “263 053 -357 .072 396 080 
514—t1 255 046 .264 048 -358 065 308 072 


Skew Bevel Gears 


The calculation and construction of strictly correct skew bevel gears 
are much involved. Certain approximations which result in gears 
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that are entirely satisfactory in use lead also to great simplification 
of the work. The following explanation of this method is due to 
REGINALD TRAUTSCHOLD (Amer. Mach., Oct. 7, 1915). 

These gears are of two types: (a) those in which the pinion is of 
the ordinary bevel gear type, the oblique teeth being applied to the 
gear only. (%) Those in which the teeth of both gear and pinion 
are cut askew. Of these types (a) is the more common and is illus- 
trated in Fig. 25 in which dimension a is the offset of the pinion 
shaft. The pinion differs in no way from a regular bevel gear and 
its proportions are easily calculated from ordinary bevel gear 
formulas, once its center angle is ascertained. The apex point of the 
pinion must lie at point 7 in the perpendicular axis plane of the gear. 


Fic. 25.—cCkew bevel gears of type a. 


The teeth of the gear which are actually in mesh with those of the 
pinion converge toward the same apex, the others converging to 
points which lie on a circle having a radius equal to the offset of the 
pinion shaft to which circle the tooth profiles prolonged are tangent, 
all as shown in Fig. 25. 

If the pinion shaft was not offset and the gear combination simply 
a set of ordinary bevels, the pitch diameter would be FG and the 
number of teeth required, etc., could easily be calculated. The fact 
that the pinion shaft is offset can in no way affect the number of 
teeth in the gear and the tooth proportions. The number of teeth 
in the skew bevel gear is therefore the same as would be required 
for an ordinary bevel gear having a pitch diameter equal to FG. 
It is the failure to recognize this simple relationship that has led to 
the common belief that skew bevel gears are hard to lay out. The 
actual pitch diameter of the skew bevel gear is considerably greater 
than this ‘equivalent pitch diameter,’ F/G, depending upon the 
amount of offset to the pinion shaft. 

The normal pitch of the gear BC must conform to the circular 
pitch of the pinion, but the circular pitch DE of the gear depends 
upon its actual pitch diameter, the number of teeth being fixed by 
the pinion and equal to the number of teeth required for a common 
bevel gear of a pitch diameter equal to FG. 

The sliding action of the teeth upon one another also depends upon 
the amount of offset to the pinion shaft. In the combination illus- 
trated in Fig. 25 it is evident that the sliding of the pinion tooth on 
the gear must take place from 7 to D. This sliding action is increased 
by any increase in the amount of pinion shaft offset. 

The various angles and the tooth proportions of the pinion are 
the same as those for any plain bevel gear of the same number of 
teeth, pitch, etc., and of similar center angle. The calculations for 
the gear require the somewhat different formulas that follow: 
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n 
d=- (a) 
N 
Daas (6) 
P 
pees 7 () 
De 
Dies (d) 
sin @ 
aT AMON 
pi eS (e) 
a’ 
tan FE; BD: (f) 

tan J 7505 (g) 
tan K a Fx (A) 
Fi=£\4+J (i) 
C:1=E£,—K (j) 

da’ 
o=—— (Rk) 
n 
Vi=s cos E; (2) 
D=D'+2Vi 
or, for greater accuracy, 

D= Da 2 : (m) 
E2= (90-1) (n) 
C2=(go— Fi) —K (0) 

— VOY 
= [(g0 es ] (6) 


in which =diametral pitch, 
n=number of teeth in pinion, 

N=number of teeth in gear, 

A =offset of pinion shaft, 

a=angle of offset, 

d’=pitch diameter of pinion, 
D’.=equivalent pitch diameter of gear, 
D’=pitch diameter of gear, 

d=outside diameter of pinion, 

D=outside diameter of gear, 

p’ =circular pitch of pinion, 
pi"=normal pitch of gear, 
p’:=circular pitch of gear, 
£,=center angle of pinion, 
F,=face angle of pinion, 
C,=cutting angle of pinion, 
F.=center angle of gear, 
F,=face angle of gear, 
C2.=cutting angle of gear, 
E’,=contact angle of gear and pinion= Fy, 

J =angle increment, 

K=angle decrement, 
Vi=diameter increment of pinion, 

s=addendum. 


The formulas for ascertaining the various dimensions and angles 
of the pinion are similar to those for any ordinary bevel gear, once 
the center angle of the pinion is obtained. 

The equivalent pitch diameter of the gear is the same as the pitch 
diameter of the regular bevel gear that would give the required speed 
ratio, and is obtained by dividing the number of teeth in the gear by 
the diametral pitch. 

The angle of offset is the angle between the axis plane of the gear 
and a plane passing through the axis of the gear and the common 
contact point of the pitch circumferences (outer) of the pinion and 
gear. Its tangent is obtained by dividing the offset of the pinion 
shaft by half the equivalent pitch diameter of the gear, or twice the 


offset-of the pinion shaft divided by the equivalent pitch diameter 
of the gear. 
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The pitch diameter of the gear is then obtained by a 
the pinion shaft offset by the sine of the angle of offset. “a 

The circular pitch of the gear is equal to the quotient of the pi 
circumference by the number of teeth. Me 

The tangent of the center angle of the pinion is found by divic 
the pitch diameter of the pinion by the equivalent pitch diam 
of the gear. : i 

The outside diameter of the gear is usually found by adding to 
pitch diameter twice the diameter increment of the pinion. 
method is not quite accurate, however, as the diameter increm 
of the gear and the pinion are only the same when there is no offset 
to the pinion shaft. The greater this offset is, the smaller propor- 
tionally does the diameter increment of the gear become. A more 
accurate way of ascertaining the outside diameter of the gear then 
is by the use of the second formula. This more accurate method is” 
not absolutely correct, for it is based on the assumption that the 
decrease in diameter increment of the gear is proportional to the ratio 
of the equivalent pitch diameter to the pitch diameter of the gear, 
which relationship is not quite true. The possible error for any 
ordinary gear is so small, however, as to be quite immaterial. 

The center angle of each individual gear tooth is equal to the 
complement of the center angle of the pinion, so that the center angle 
of a skew bevel gear may be taken as the complement of the center 
angle of the pinion with which it is to mesh. 

The cutting angle of the skew bevel is likewise the same for each 
individual tooth and is equal to the difference between the center 
angle of the gear and the angle decrement. 

The face angle of the skew bevel gear as obtained by the formula — 
given is not absolutely accurate, but the error is sufficiently trivial 
to be overlooked in practice with safety, unless the face of the pinion 
is usually wide and the pitch equally small. In such a case, the cut- 
and-try method of fitting the gear to the pinion is advisable, as the 
calculations involved for an accurate mathematical solution are 
extremely complex. 

The face angle of a skew bevel gear would not be the same as that 
of a bevel gear matched to mate with the skew gear pinion unless — 
the offset of the pinion shaft was zero. Such a condition, which 
would be that existing between a set of bevels of proper proportions, 
would fix the minimum face angle for the skew bevel gear. The 
maximum face angle would occur when the pinion shaft’s offset was 
equal to half the pitch diameter of the gear and would be one of 
go deg. Between these limits the face angle of a skew bevel gear may 
be anything, depending upon the difference in the pitch and equiva- 
lent pitch diameters of the gear. Formula ()) is derived on the 
assumption that the increase in face angle of the skew bevel gear, 
from that of a set of plain bevel gears of similar number of teeth, 
etc., to the condition where there would be no rolling action, is 
governed by the ratio of the pitch diameter of the gear to its equiva- 
lent pitch diameter This relationship is only approximately accu- 
rate, for the actual increase in face angle is not constant between 
its minimum and maximum values. For all practical shop require- 
ments, however, formula (p) may be considered correct. Any 
possible error that might arise would be slight and would affect 
only the total depth of tooth at the smaller end of the gear where 
it would be least noticeable and least harmful. 

The following example shows the application of the formulas: 

Required, a pair of skew bevel gears, ro diametral pitch, 85 teeth 
in gear, 13 teeth in pinion; pinion shaft offset 145 in. 

Pitch diameter of pinion, 
d’ =137 9 =1.30 in. (a) 


Equivalent pitch diameter of gear, 


D'e=854 9 =8.50 in. (b) 
Angle of offset, 
Xt. 
tan a= Bg 70-3529 (c) 


a=19 deg. 26 min. 


4 


a 


_in respect to the center of the carrying spindle. 
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Pitch diameter of gear, 


NE Ses ie 
D aor =9.01 in. (d) 
Say, 9 in. 
Circular pitch of gear, 
3-1416 X9 F 
f= er (e) 
Center angle of pinion, 
1.3 
tan By == 0.1529 (f) 
FE, =8 deg. 42 min. 
Angle increment, 
_ 2 X0.15126 
tan J= eee wee 0.02597 (g) 
J=1 deg. 20 min. 
Angle decrement, 
oe . 6 
taneke== a =0.02692 (hk) 
K=r deg. 33 min. 
Face angle of pinion, 
F,=(8° 42’)+(x° 20’) =10 deg. 2 min. (i) 


Cutting angle of pinion, 


Ci =(8° 42’) —(1° 33’) =7 deg. 9 min. 


G) 


‘Addendum, 
noe SR in. (R) 
13 
Diameter increment of pinion, 
Vi=0.1 X0.1513 =0.01513 in. (2) 
Outside diameter of gear, 
D=9+(2Xo0.01513) =9.03 in. (m) 
a Dag OSES 
Center angle of gear, 
E2=(go0°—8° 42’) =8r deg. 18 min. (n) 
Cutting angle of gear, 
C2= (90° —8° 42’) —1° 33’=79 deg. 45 min. (0) 
Face angle of gear, 
pees net ae ze mi PON deg. 29 min. (p) 


8.5 


Skew bevel gears can be machined on any of the machines used 
for cutting the ordinary type of bevel gear, if simple adjustments or 
modifications are made. The carrying spindle of the machine must 
be offset from the plane of the cutting tool a distance equal to the 
offset of the pinion shaft, and the path of the cutting tool must con- 
‘form to the axis plane of the pinion shaft reinlation to its position 
All subsequent 
operations are then similar to those employed in cutting plain bevel 
gears, except that the path of the cutting tool is always tangent to 
the circle of apexes instead of toward a common apex point. The 
rotary adjustment of the gear blank is governed by the circular 
pitch of the gear, not by its normal pitch, which corresponds to the 
circular pitch of the pinion. The adjustments are slightly more 
complicated than when cutting the simpler plain bevel gears and must 
be performed with great care, as there is no common apex toward 
which to work. This adds to the difficulties of accurate workman- 
ship and explains the machinist’s dislike of this type of gear. 

When extreme accuracy is required, the gear blank can be faced 
off when mounted on the offset spindle, the cutting edge of the facing 
tool being in a plane corresponding to the axis plane of the pinion 
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shaft and its advance along a line conforming to the supplement of 
the cutting angle of the pinion. This is not ordinarily necessary, 
as sufficient accuracy may be obtained by facing the gear blank in 
a lathe to conform to the face angle as ascertained from formula (p). 


Second Type of Skew Bevel Gears 


The second type of skew bevel gear is illustrated in Fig. 26. It 
requires slightly more complicated calculations, as both gear and 
pinion have their teeth cut askew. The manufacture of such gears 
is usually simplified by making the obliquity of the teeth the same 
in both pinion and gear. 

The gears are turned up according to the dimensions for plain 
bevel gears of the same number of teeth, pitch and ratio, and no 
alteration in the diameters is ordinarily made nor are any alterations 
in the angles necessary—the angles being made the same as for plain 
bevel gears. This decided advantage is possible because of the fact 
that, although the apex points of the two gears do not coincide, the 
converging conical surfaces are parallel to those of bevel gears with 
a common apex point. That is, angles e and e’ are complements. 


a=Distance between Shafts 
b= Drop of Former for Gear 
c=Drop of Former for Pinion 


Wi Bevel 


ee 


Fic. 26.—Skew bevel gears of type b. 


Both the gear and pinion are machined with the plane of the cutting 
tool offset from the carrying spindle of the machine, but the offset 
is different for the two gears unless they are of the same size. For 
gears of similar dimensions, the total offset of the shafts is divided 
by two and the offset between the spindle of the machine and the 
cutting tool planed for both gears is the same and equal to half the 
total offset. For any other combination of gears the total offset 
is divided proportionally to the speed ratio, the smaller value being 
employed as the machine offset for cutting the pinion and the larger 
for machining the gear. For instance, in cutting a pair of skew bevel 
gears of this type having a shaft offset of 2 in. and a speed ratio of 


2 to 1, the machine drop, or offset for the pinion, would be aliga, 
0.666 in., and for the gear, 0.666 X 2=1.333 in. 

Skew bevel gears cut to this method have proved very satisfactory 
and the only criticism that can be advanced is on account of the 
decreased strength of the teeth as they are commonly cut. The 
teeth not radiating from the center of the gear nor being normal to 
the pitch circumference, the circular pitch must necessarily be 
greater than that of common bevel gears, if standard tooth thick- 
nesses are to be retained. The circular pitch of the common bevels 
corresponds to the normal pitch of skew bevel gears, which is of 
necessity less than the circular pitch of such gears. To retain the 
proper thickness of tooth for a given pitch, an increase in the diam- 
eters of skew bevel gears is necessary, the amount of increase depend- 
ing upon the angularity of the teeth. If this increase in diameter 
is attended to, however, the full strength of the standard tooth will 
be developed in a skew bevel gear as well as in a plain bevel gear. 


FRICTION GEARS 


The working loads on friction gearing formed the subject of a 
series of experiments by Pror. W. F. M. Goss (Trans. A. S. 
M. E., Vol. 29). Various materials were tested for boththe fibrous 
and the metal wheels. The materials of the fibrous wheels were 
straw fiber, straw fiber with belt dressing, leather fiber, leather, 
leather-faced iron, sulphite fiber, and tarred fiber. 

The straw-fiber wheels were worked out of blocks built up of 
square sheets of straw board laid one upon another with a suitable 
cementing material between them and compacted under heavy hy- 
draulic pressure. In the finished wheel the sheets appear as disks, 
the edges of which form the face of the wheel. 

The wheel of straw fiber with belt dressing was similar to that of 
straw fiber, except that the individual sheets of straw board from 
which it was made had been treated, prior to their being converted 
into a block, with a belt dressing, the composition of which is 
unknown. 

The leather-fiber wheel was made up of cemented layers of board, 
as were those already described; but in this case the board, instead 
of being of straw fiber, was composed of ground sole-leather cuttings, 
imported flax and a small percentage of wood pulp. The material 
is very dense and heavy. 

The leather wheel was composed of layers or disks of sole leather. 

The leather-faced iron wheel consisted of an iron wheel having a 
leather strip cemented to its face. After less than 300 revolutions 
the bond holding the leather face failed and the leather separated 
itself from the metal of the wheel. This wheel proved entirely in- 
capable of transmitting power and no tests of it are recorded. 

The wheel of sulphite fiber was made up of sheets of board com- 
posed of wood pulp. The sulphite board is said to have been made 
on a steam-drying continuous-process machine in the same way as 
is the straw board. 

The tarred-fiber wheel was made up of board composed principally 
of tarred rope stock, imported French flax and a small percentage 
of ground sole-leather cuttings. 

Each of the fibrous driving wheels was tested in combination 
with driven wheels of the following materials: Iron, aluminum, 
type metal. 

Regarding the metallic wheels the conclusions are that those driv- 
ing wheels which are the more dense work more efficiently with the 
iron follower than with either the aluminum or type-metal followers; 
but in the case of the softer and less dense driving wheels, and espe- 
cially in the case of those in which an oily substance is incorporated, 
driven wheels of aluminum and type metal are superior to those of 
iron. Finely powdered metal which is given off from the surface 
of the softer metal wheels seems to account for this effect, and the 
character of the driving wheels is perhaps the only factor necessary 
to determine whether its presence will be beneficial or detrimental. 
Finally, with reference to the use of soft-metal driven wheels, it 
should be noted that no combination of such wheels with a fibrous 
driver appears to have given high frictional results. Except when 
used under very light pressures, the wear of the type metal was 
too rapid to make a wheel of its material serviceable in practice. 

Regarding the fibrous wheels the conclusions are that the addi- 
tion of belt dressing to the composition of a straw-fiber wheel is 
fatal to its frictional qualities. The highest frictional qualities are 
possessed by the sulphite-fiber wheel which, on the other hand, is 
the weakest of all wheels tested. The leather fiber and tarred fiber 
are exceptionally strong; and the former possesses frictional qualities 
oi a superior order. The plain straw fiber, which in a commercial 


sense is the most available of all materials dealt with, when worked 
upon an iron follower possesses frictional qualities which are far 
superior to leather, and strength which is second only to the leather 
fiber and the tarred fiber. 

A review of the data discloses the fact that several of the friction 
wheels tested developed a coefficient of friction which in some cases 
exceeded .s. That is, such wheels rolling in contact have trans- 
mitted from driver to driven wheels a tangential force equal to 50 
per cent. of the force maintaining their contact. These wheels, | 
also, were successfully worked under pressures of contact approach- 
ing 500 lbs. perin. in width. Employing these facts as a basis 
from which to calculate power, it can readily be shown that a fric- 
tion wheel a foot in diameter, if run at 100 r-p.m., can be made to 
deliver in excess of 25 h.p. for each inch in width. It is certainly 
true that any of the wheels tested may be employed to transmit 
for a limited time an amount of power which, when gaged by ordinary 
measures, seems to be enormously high; but obviously, performance 
under limiting conditions should not be made the basis from which 
to determine the commercial capacity of such devices. In view of 
this fact, it is important that there be drawn from the data such 
general conclusions with reference to pressures of contact and fric- 
tional qualities as will constitute a safe guide to practice. 

The recommended contact pressures, which are one-fifth of the 
ultimate resistance established by tests under destructive pressures, 
ate given in Table 1. 


TABLE 1.—WoRKING CoNnTACT PRESSURES PER INCH OF FACE 


Pressure, lbs. 
Straw hiber. Jeske ae cee eee 150 
Leather fibers... ;< (055403530 eee 240 
‘Tarred! fiber .< .... 2s <2 9s 0406s cee eee 240 
Sulphite fiber ......4 ds 2 eee eee 140 
Leather }.ai.9.2s2 5.2 Eee oe eee 150 


The recommended values of the coefficient of friction, which are 
60 per cent. of the laboratory results, are given in Table 2. 


TABLE 2.—WORKING VALUES OF THE COEFFICIENT OF FRICTION 


Coefficient 

of friction 
Straw fiber’and jron 2... 00. (sun eee .255 
Straw fiber and aluminum............. -273 
Straw fiber and type metal ............ . 186 
Leather fiber and iron ............ <<<. - 300 
Leather fiber and aluminum ........... .297 
Leather fiber and type metal .......... . 183 
Tarred fiber and iron . ...6..+.<..4.005 .150 
Tarred fiber and aluminum ............ .183 
Tarred fiber and type metal. ........... . 165 
Sulphite fiber and iron... 2.2.0.2... -330 
Sulphite fiber and aluminum........... .318 
Sulphite fiber and type metal. ......... 300 


Leather:and.jronoh.c eee Baths 235 
Leather and aluminum.......... 
Leather and type metal 


.216 
. 246 
The recommended formulas for the working loads in h.p. are 
given in Table 3 
in which d=diameter of friction wheel, ins., 
W = width of face, ins. , 
N=r. p. m, 
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Speed, Revolutions per Minute 


To find peripheral speed, locate the intersection of the vertical line representing the given speed in r.p.m., with the diagonal 


_ one representing the given diameter. The horizontal line passing through this point will give the surface speed in ft. per min. on 
the vertical scale to the right of the chart. 


To find the horse power for a given wheel, locate the intersection of the vertical line representing the given speed in r.p.m. 
with the diagonal line representing the given diameter. Follow the horizontal line passing through this point to the right or left 
until the intersection between it and the vertical line representing the given width, as shown on the scale at the top of the chart, 
is reached. The diagonal line passing through this point marked Total Horse Power will represent the required horse power. 

To find the face width of a given wheel necessary to transmit a given horse power, the speed being known, locate the inter- 
section of the vertical line representing the given speed in r p.m. with the diagonal line representing the given diameter. Follow 


' the horizontal line passing through this point to the right or left until the intersection between it and the diagonal line representing 


the required horse power is reached. The vertical line passing through this point will give the width of face in ins. on the scale at 


the top of the chart. 
For other material than straw fiber and iron, multiply the horse power by the following factors: 


Sulphite fiber andiron.......... 1.23 Teatherandiiron nia. ceed oat +53 
Leather fiber andiron........... 1.97 Tarred fiber and iron............ -97 


Fic. 1.—Dimensions of friction wheels of straw fiber and iron. 
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TABLE 3.—FORMULAS FOR WorKING Loaps 


Horse-power 


Straw fiber and iron .......... .00030 dWN 
Straw fiber and aluminum..... .00033 dWN 
Straw fiber and type metal..... .00022 dWN 
Leather fiber and iron......... .00059 dWN 
Leather fiber and aluminum.... .00057 dWN 
Leather fiber and type metal... .00035 dWN 
Tarred fiber and iron.......... .00029 dWN 
Tarred fiber and aluminum .... 00035 dWN 
Tarred fiber and type metal.... .00031 dWN 
Sulphite fiber and iron . ; .00037 dWN 
Sulphite fiber and aluminum ... .00035 dWN 
Sulphite fiber and type metal... .00034 dWN 
(Meavherandekonly weep tele .oco16 dWN 
Leather and aluminum ........ .00026 dWN 
Leather and type metal........ .00029 dWN 


All usual problems connected with the dimensions and power 
capacity of friction wheels may be solved by the use of Fig. 1, with 
which the necessary explanations are given. The chart repre- 
sents the formula for straw fiber and iron: 


h.p.=.0003 dWN 


In the application of friction gearing, the fibrous wheel must 
always be the driver; the rolling surfaces should be kept clean or, 
if this is impossible, the wheels should be increased in size to provide 
for a lower coefficient of friction due to the presence of dirt; and the 
pressure should be by positive, inflexible mechanism—springs are 
not admissable. 

The formulas and chart are equally applicable to face friction 
gearing, with the proviso that it is advisable to make the width of 
face of the driver and the distance between the driver and the 
center of the follower such that the variation in the velocity of the 
two edges of the driver shall not exceed 4 per cent. This may be 
secured by making the minimum distance between the driver and 
the center of the follower twelve times the width of the face of 
the driver. If this distance is made smaller, as it frequently must 
be, the gearing will work successfully but its power capacity will 
be decreased because of the fact that the coefficient of friction dimin- 
ishes if the slip exceeds 4 per cent. 

In making friction wheels, one ?-inch bolt should be provided for 
every 20 sq. in. of disk. 

Bevel friction wheels, unless supported at the outer angle, give 
trouble by failure under the pressure at that point. E. R. PLaistep 
(Amer. Mach., Sept. 18, 1902) states that a disk of soft wood about 
# in. thick as a backing for the paper at that point obviates the 
difficulty. 


Practice with Friction Drives 


In the practice of the Rockwood Mfg. Co. (1916) the materials 
having the best combination of properties—high coefficient of fric- 
tion and physical ability to withstand the conditions of service—are 
specially prepared straw, leather or tarred fibers. Cork composition 
has an application for driving light, fluctuating loads. The coefti- 
cient of friction varies with the slip, being at a maximum when the 
slip lies between 2 and 6 per cent., beyond which it decreases until, 
at 100 per cent. slip (the condition of starting), the coefficient has only 
about one-third of its value at 2 per cent. slip. Table 4 gives the 
working values of the coefficient of friction recommended by the 
Rockwood Mfg. Co. and Table 5 the recommended pressures per 
inch of face—these latter values being approximately one-fifth of the 
ultimate crushing resistances of the materials. The horse-power 
formulas used with these materials are given in Table 6 while Table 
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7, computed from the appropriate formula of Table 6, gives the 
horse-power of wheels of straw fiber end cast iron, multipliers for | 
other materials being included. The reduction of the coefficient of 
friction under the high slip due to starting the load, makes necessary 
the initial application of pressures equal to about three times those 
given in Table 5. After the load is started, the pressure should be 
reduced to prevent needless wear. 

Referring to the formulas for horse-power, it should be noted that, 
while leather fiber gives the maximum transmitting capacity, this 
material is of a hard dense composition and, when subjected to fre- 
quent or prolonged slippage, its face is liable to become glazed or 
burnished, resulting in a decided lowering of its value of the co- 
efficient of friction and a corresponding drop in transmitting capacity. 
It is therefore adaptable only to drives operating continuously and 
under steady loads. For drives operating under conditions of high 
slip or frequent starting and stopping, tarred fiber or straw fiber 
should be used. 

In all cases positive action thrust boxes should be used to apply 
the pressure. Springs are inadmissible. 


TABLE 4.—WoRKING VALUES OF THE COEFFICIENT OF FRICTION 


Leather and. cast trom: 32 2cac% e622 ee ee <E35 
Wood and ‘cast trom... 2s ee .150 
Cork composition and cast iron........... -210 
Straw: fiber:and. cast irons: 2-25. - 04 - eee 
‘Tarred fiber and cast iron. .2..-. 2.222 522 eee 
Leather fiber and. cast irofi............5.. .g00 


TABLE 5.—PRESSURES OF CONTACT PER INCH OF FACE 


Lbs. 
Léathety 7.07. deckc bets oe aint 150 
Wood 23 52 oct ac Ase ee ee 150 
Cork composition.\o a3... Bank <0 
Straw fibers. 3). /.2concen <5 oo ee ee 
‘Tarred fiber.co23.h4.0< oh aS s- ae eee 
Leather fibers... 0k «aes e eee 


TABLE 6.—HORSE-POWER FORMULAS FOR SPUR AND BEVEL FRICTION 


Drives 
Leather and cast iron........... .ooo16 dWN 
Wood and cast iron............. .ooo18 dWN 
Cork composition and cast iron.. .oo008 dWN 
Straw fiber and cast iron........ .00030 dWN 
Tarred fiber and cast iron....... .ooo55 dWN 
Leather fiber and cast iron....... .00071 dWN 


In which d=mean diameter of wheel, ins., 
W =total effective width of face, ins., 
N=revolutions per minute. 


TABLE 7.—HoRSE-POWERS TRANSMITTED BY FRICTION GEARS 
HAVING STRAW-FIBER DRIVING AND CAST-IRON DRIVEN MEMBERS 


For other speeds the powers are in direct proportion. For other 


diameters add or multiply the figures for those given. 


Diam. : : 
f Revolutions per minute 
ca) 
wheel | 100| 120| 140 | 160 | 180 | 200 | 220 | 240 | 260 | 280 | 300° 


-20 
.26 


FRICTION GEARS 


MULTIPLIERS FOR OTHER MATERIALS 
Spur and Bevel Friction Drives 


Combination Pressure I-in. face Multiplier 
lbs. 
Meatnerand'cast ironies. nen. as o< los a ene 150 +53 
Whoodrandreast irom soy cies oo.c oreo eciees 150 .60 
Cork composition and cast iron..... 52 See hnee 50 -27 
Straw fiber and cast iron.................... I50 1.00 
Tarred fiber and cast iron................... 250 1.83 
Leather fiber and cast iron.................. * 300 2.37 
Disk Friction Drives 
Combination Pressure I-in. face Multiplier 
Ibs. 
arred fiber and cast iron....... 0.0... eceaes 250 2.10 
Tarred fiber and copper alloy................ 250 2.30 
Tarred fiber and zinc alloy.............2.02. 250 2.37 
Tarred fiber and aluminum alloy............. 250 2.53 


Variable Speed Disk Friction Drives 


In this form of drive there is a differential slippage between the two 
edges of the fiber disk which may even be negative at the inner edge. 
This condition leads to a loss of effective pull and should be guarded 
against by using a small ratio of the face width of the fiber wheel to 
its distance from the center of the iron disk. The width of the 
fiber wheel should be from 149 to 14 of the diameter of the iron 
disk. 

_ For aratio of 1 to 12 and average working values of the coefficient 

of friction, the slip between the driving and driven members ranges 
from 6 per cent. to 8 percent. Fora ratio of 1 to 16 the slip ranges 
from 4 per cent. to 6 per cent. 

The diameter of the fiber friction wheel relative to that of the disk 
is not important as regards transmitting capacity. However, it 
should be noted that as the diameter of the wheel is decreased its 
driving torque decreases proportionately; also the relatively smaller 
its diameter, the faster it revolves, resulting in a somewhat more 
rapid wear. When the friction wheel is made larger than the disk, 
the objection is offered that its face width is relatively small for its 
diameter and too great a space of installation is required for the drive. 
Preferably the diameter of both should be the same. 

The value of the coefficient of friction in disk drives is practically 
independent of the pressure of contact and, excluding positions at the 
extreme center, independent of the position of the fiber wheel on the 
_ disk. Thus the driving torque of the driven wheel varies directly 
with the pressure of contact but is independent of relative speed 
positions. Below are given the Rockwood Mfg. Co.’s recommended 
working values of the coefficient of friction for tarred fiber friction 
wheels as generally used in these drives, running in combination 
with different kinds of commercial disk materials: 


WorKING VALUES FOR Disk DRIVES 


COEFFICIENT OF FRICTION 


Matred perangd Cast 1rON st. 5 45 date se 9323 
Tarred fiber and copper alloy............  .352 
Tarred fiber and zinc alloy................ .364 
Tarred fiber and aluminum alloy......... .390 


These values represent approximately 60 per cent. of the safe maxi- 
mum values regardless of slip, as obtained from tests. The slight 
variation from values heretofore given for like combinations of mate- 
rials is due in part to the changed conditions of operation and in part 
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to the difference between the maximum values of the coefficient of 
friction regardless of slip as here used and values at 2 per cent. 
slip as used in those drives. 

In addition to combinations of the tarred fiber as given, numerous 
tests have been made to determine the transmitting capacity and 
efficiency of other materials as straw fiber, leather fiber, cork com- 
position, vulcanized fiber and leather, but in the main, none of these 
has approached the generally satisfactory results secured through 
use of the tarred fiber. 

Tests made to determine the effect of fillings or dressings for the 
frictions have shown conclusively the disastrous results following 
use of any mixture containing free oil or grease. Preparations con- 
taining rosin and pine tar are good, but to obtain satisfactory results, 
the mixture must be incorporated in the make-up of the fiber filler 
before being placed in service. 

The maximum normal working pressure recommended for frictions 
of tarred fiber is 250 lbs. for each 1x in. of effective face width. 
To satisfactorily meet the exacting conditions of service of this form 
of drive, with its strict limitations as to face width of the fiber wheel, 
only such material can be used as is capable of withstanding great 
pressure of contact and without danger of crushing or breaking down. 
At the same time it must not be of a sufficient hardness to be subject 
to glazing or burnishing under high slip, as encountered at times of 
starting or when operating at low speeds. In this respect the tarred 
fiber shows a marked superiority over the others. 

A common source of trouble in disk drives is a tendency on the part 
of the fiber filler projecting beyond the supporting flanges to break 
down over the flanges, causing often a softening of the entire width 
of face and resulting in greatly decreased life. To guard against such 
action, wheels should be designed to have a fiber projection of not 
to exceed 3 in. for the larger diameters and face widths and ranging 
down to 14 to 34g¢ in. for the smaller sizes. As a further precaution 
it has been found highly beneficial to make the total thickness of 
the fiber filler somewhat in excess of the effective face width desired 
and bevel off the edges on either side to form a backing or retaining 
wall to support the outer edges of the effective face. Wherever con- 
ditions will permit this construction should be used. The edges are 
usually beveled on a 30° angle from the inner edges of the supporting 
flange to the face. 

From recommended values of the coefficient of friction and safe 
working pressures as given above, horse-power formulas for the differ- 
ent combinations of frictions may be computed as follows: 


Tarred fiber and cast iron........... h.p.=.00063 dWN 
Tarred fiber and copper alloy........ h.p.=.0o00c69 dWN 
Tarred fiber and zinc alloy........... h.p.=.0o0o071 dWN 
Tarred fiber and aluminum alloy..... h.p.=.00076 dWN 


In which d=mean diameter at which friction wheel operates on 
disk, ins., 
W =width of face of friction wheel, ins., 
N =revolutions per minute of disk. 


By means of these formulas the transmitting capacity of drives 
may be figured for any position of the friction wheel on the disk. 
The maximum transmitting capacity occurs of course when the fric- 
tion wheel operates at outer positions or highest speeds. 
designed in accordance with these formulas are capable of starting 
their full rated loads from rest, though use must momentarily be 
made of pressures of contact approximately three times that of 
normal running. 


Drives 


WORM 


For the distinction between lead and pitch, see Lead and Pitch. 
_ The thread profile of worms is most commonly made to the Brown 
and Sharpe standard which is a direct outgrowth of their gear-tooth 
standard, the section of a worm and wheel through the axis of the 
worm being the same as that of a rack and gear in mesh, When 
this standard is used the following formulas (from the Brown & 
Sharpe Mfg. Co’s. Formulas in Gearing) apply, reference being made 
to Fig. 1. : ; 

Table 6 of spur-tooth parts by circular pitch (page 96) contains, in 
the 2d, oth and roth columns, a list of worm-tooth parts. 


-ForMULAS FOR BROWN AND SHARPE STANDARD WoRM GEARING 


L=lead of worm. 
N=number of teeth in gear. 
m=turns per inch of worm. 
d=diameter of worm. 
d'=pitch diameter of worm. 
d’’=diameter of hob. 
D=throat diameter. 
D'=pitch diameter of worm wheel. 
B=blank diameter (to sharp corners). 
C=distance between centers. 
p=diametral pitch. 
P=circular pitch for worm wheels or axial pitch for worms, 
yx! 
7 pioce Bigs tr. 
s=addendum. 
{=thickness of tooth at pitch line. 
i”=normal thickness of tooth. 
f=clearance at bottom of tooth. 
D"” =working depth of tooth. 
D+ f=whole depth of tooth. 
b=pitch circumference of worm. 
v=width of worm thread tool at end. 
w=width of worm thread at top and width of hob tool at 
end. 
0=angle of tooth of worm wheel with its axis, or the angle 
of thread of worm with a line at right angles to its axis. 
Jf the lead is for single, double, triple, etc., thread, then 
L=P, 2P, 3P, etc. 
In multiple-threaded worms and their mating wheels, if the angle 
0 is more than 15° the tooth parts should be figured on the normal 
as for spiral gears. In using the formulas for spiral gears, it should 
be borne in mind that while P is the axial pitch for worms it is the 
circular pitch for spiral gears. 
a=60° to go° 


m 
Oe ae 
see 
ele 


b= (d—2s5)=7 d' 


L J Practical only when width of wheel on wheel-pitch 


tan 0= bets ts ; ; 
b \ circle is not more than 2 pitch diameter of worm. 


GEARS 


in=t cos 9 
if — 2S. 

2 
r’=r+D"+f 

D’+d D/+d’ 
C=—— sf = ~ 

2 2 te: 
See a A measurement of sketch is~ 

dae oaks ee CE generally sufficient. 
d'’=d+oaf 
v=.31 P 
= 


Fic. 1.—Notation of formulas for worm gearing. 


The profiles of worm teeth being the same as those of rack teeth, 
the same interference takes place if the wheel has less than 30 teeth. 
If the wheel be finished with a hob, the interference will be overcome 
but at the expense of undercut teeth. Both interference and under- 
cut may be prevented by increasing the throat diameter of the wheel, 
making the diameter in accordance with the formula: 


D=cos? 143° Tas 


.037 N 
AS IE 
The increase of throat diameter increases also the center distance, 
the amount of increase being shown by comparing this value of D 
with the one previously given. To keep the original center distance, 
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the outside diameter of the worm must be reduced by the amount 


, TABLE 2.—CHANGE GEARS FoR DiAmerrAL Pirca Worms 
the throat diameter of the wheel is increased. 


- 


The pitch diameters of circular-pitch worms, Brown and Sharpe oon Single ee pee eee pose is 
standard, may be obtained from Table 1. For larger or smaller os depth an eee 2/314|5]|6.|-7-| 8/10 
worms than those given, add or subtract the required number of ; : - 

Pehes thus: aeelt 078 in.| .487in.| .526 in.|7?/ 33) 44) 22 |58) 77) 88 to 
a -- : . . . . 2 8 2 . . 88 4 2 2 78. 44 264 3:08 B22 440 
_ Given a worm 44% ins. outside diameter, 44-in. pitch. From fe a oe ee 44 22 ee ao 42 | 32 [37'6| 2% 
the table 17% ins. outside diameter, 44 pitch=1.375 ins. pitch 3h .616 .278 .300 as 132 4r 8 220 254 ab a2 440 
diameter. Therefore, 41 ins. outside diameter, 44-in. pitch= 4 +540 -243 2630 Prt) $2) 47 [eal Ot fat | At | OP 
1.375 +3 =4.375 ins. pitch diameter. Given a worm 7-in. outside - : na 44| 66 | 83 | 22\132| 22 \|176| 44 
diameter, 7 pitch. From the table 17 ins. outside diameter, 3 nts ; ah) : AP 43 in re Be iB aL s8 10 
ae in. pitch=1.676 pitch diameter. Therefore 2 in. outside diam- 7 308 .139 Iso [44/99] $8 [220/321] 22 |176 220 
etet, 7 ins. pitch must=1.676—1=.676 in. pitch diameter. 8 +270 .122 -131 tt 5 a ae it is on Bea 

The pitch diameters of circular pitch worm wheels may conviently 9 sage -To8 -TT7 (68) 2) 6s [os | 21 | “9 [os | es 
be found from Table 5 of the section on spur gears which also ap- AD 216 .007 tog |29| 88. | 44] 42/69/42 | 88 | 22 
plies to worm wheels. II .196 .088 .096 4 $ s 4f 12 iif Lf 20. 

Cutting Diametral Pitch Worms -154 see ee 4% ao | 49) 29 45 re 49 
; ‘ aoe : I 35 -O0L +0 28| 66 | 2s | 56] 28) 56) -7- | 2 

The cutting of diametral pitch worms requires the introduction in " ) : | 

the change gear train of the lathe of gears having to one another 18 -120 +054 058 [89/37 | $$ | 85] 32 | At] bo ake 
ae 20 108 048 053 |s8| 701 33/12/35 | 40 | $3 | 4 

A A ‘ A . . . vi 
the ratio of 2, for which, for ordinary purposes, the value 7 isa 24 .090 .040 oe ey at at st 43 ri 34 # 
: Ane : ; 2 .0 0 0 4 : 3 
sufficiently close approximation. It gives rise to an error of less 2 ay oe : ii as it 55 | 33 i it 58 
: 3 -007 +030 +033 |56|112| 28 |112| 56 |112| TF | 56 

than half a. thousandth per inch of length of the worm. The 

formula is; ~ 40 054 024 026  |F5/re0| $3 | 2a | $5 [evo] 3B | 44 
teeth in screw gear _ 22 threads per in. of lead screw 48 045 Bias .o22 [441,23] 12/55/88, |e] gt] $5 


teeth in stud gear — 7 X diametral pitch 


Table 2, by E. J. Rantscu (Amer. Mach., April 11, 1907) gives the 
ratio of the gears for ordinary cases on the above basis together 
with other dimensions of worms of 14% deg. obliquity. The numer- 
ators of the fractions represent the screw gear and the denomi- 
nators the stud gear. When necessary, both numerator and denomi- 
nator are to be multiplied by a (the same) number to give actual 
gears. If gears to satisfy the ratio #7 are not at hand, less accurate 
ratios are often sufficient, useful ratios in the order of accuracy 
being as follows: 


22 


47 
73-1429 "= 3-1333 


£9 5.136 
327 3°1354 = 


113 
is adequate to any possible requirement, its decimal value being 
3.1415929. The relations of circular and normal pitches are given 
in Table 3. 


- 22, - ° : 
Tf the ratio 7 is considered not sufficiently accurate the ratio 


Durability and Efficiency of Worm Gearing 


The durability of worm gearing is largely dependent on the angle 
of the helix with the tangent to the pitch line. In order that a 
worm gear may be durable, the helix angle should be large—that is, 
the worm should be a steep pitch screw. This fact is established 
by theory, by experiment and by experience. The unfortunate 
experience that many have had with worm gearing is due to bad 
design and not to any inherent defect of the construction. 

An analysis of the worm-gear problem with examples collected 
from practice by the author (Amer. Mach., Jan. 13, 20, 1898, repub- 
lished as No. 116 of Van Nostrand’s Science Series) is the source of 
much that follows. 

The reason why an increase of pitch, other things being equal, or, 
in other words, an increase of the angle of the thread, gives in- 
creased efficiency reduced wear and longer life, will be understood 


TABLE 1.—PiITcCH DIAMETERS FOR CIRCULAR PITCH WORMS 


Worm, outside 


Pitch in inches 


i | 


diameter i PO (ST ca eee ies ume Sieh Ie <n | a VS 1} 1} 

ins. Pitch diameters 

is .8408 . 8011 7613 7215 26817 -6419| .6021| .5623) .5225| .4827) .4430} .4032 3634 2838 2042| .045% 
Iva +903 864 824 784 -744 +704 665 625 585 545 +505 -466 -426 346 267 108 
1% 966 +926 - 886 .846 .807 -767 tat 687 -647 .608 +568 528 .488 409 329 170 
Irs 1.028 989 -949 +909 . 869 829 790 750 +710 670 .630 501 555 471 +392 233 
1} I.OO1 1.051 I.OII -971 +932 892 852 812 Behe) +733 693 653 -613 534 +454 205 
Irs I.153 I.1I4 | 1.074 | 1.034 +994 :954 +915 «875 835 «795 -755 +716 | .676 506 517 +358 
13 I.216 5.176 1.136 1.0096 1.057 1.017 .977 -937 897 .858 818 -778 738 659 579 420 
bake 1.278 1.239 1.199 I.159 I.119 1.079 | 1.040 | 1.000 960 .920 .880 .841 8or 721 -642 .483 
1} I.341 I.301 1.261 1.221 1.182 T.142 | 1.102 |' 1.062 | 1.022 -983 -943 903 . 863 784 704 -545 
Irs I.403 1.364 I.324 1.284 I.244 1.204 | 1.165 | 2.125 | 1.085 | 1.045 | 1.005 .966 926 . 846 707 .608 
14 1.466 1.426 1.386 1.346 1.307 1.267 | 1.227 | 1.187 | 1.147 | 1.108 | 1.068 | 1.028 988 909 8290 .670 
Its 1.528 1.489 1.449 I.409 1.360 %.320 | 1.200 | 1.250 | 1.210 | 2.270 | 1.130) £.00T | 2.052 O71 .892 733 
12 I.591 1.551 heey gt LATE 1.432 T3904) msha | test2.| 1.272.| £.233 let Log | T.153 | Lt. 21g |°2.034 .954 795 
143 1.653 1.614 1.574 1.534 1.494 DASAMMtaArs Wetvois | irdss) | 2.295 12.255 |) Z.2rO || £70) 2.000 | 1.007 .858 
1t 1.716 1.676 1.636 1.596 1.557 1.517 | 1.477 | 3.437 | 1.397 | 1.358 |. 1.318 | 1.278 | 1.238 | 1.159 | 1.079 920 
IB 1.778 1.739 1.609 1.659 1.619 1.579 | 1.540 | 1.500 | 1.460 | 1.420 | 1.380 | 1.341 | 1.301 | 1.221 | I.142 .983 
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TABLE 3.—RELATION OF CIRCULAR AND Norma PitcHes oF Worm WHEE 
By Wm. Haucuton (Amer. Mach., June 1, IQII) 
Number of threads 


Pitch diameter of 


i re itch 2 normal pitch 
1 pitch ts pDormal pitch 3 normal pitch xs normal pitc 244 See 
worm Se Ageeas ry rhe teas iY Via fe s | 2 { soe 
hae a ae i Se “8 | 063|. 5246|.5539|-5928 
; _3854|.3983|.4155|-4419|-4540|-474¢|. 500 |.5063]. -5539 
5 .25075|.2530 |.2572 |.2623|.3143 |.3185 |.3262 pasts oe | as aie "4409|.4509| . 4683] . 4881] .5050|. 5196|.5431|.5743 
zt Sei esha aye Gaerne fA rs a : ons 3817 3007 4012|.4402|.4484).4613|.4789).5040|.5160).5352 -56Ir 
It .25055|.2520 |.2545 |.2580].3136 |.3164 |.3213 ek! eee ee il sir nto yh pias BIS RE SR 
1% -25042|.2517 |.2537 |.2566|.31334].31572|.3197|.3251). : : 856|.3935|-4396|-4449|.4540).4666). 5028). 5111|.5247).5431 
1} .25037|.2515 |.2531 |.2555|-31318).3152 |.3184).3233 -3761 |.3797|.3856).3 : 
A ‘ .5211|.5370 
5 .3760 |.3791|.3840].3968|.4391) 4438). 4519) .4625).5024).5004 
a Sidecar tA ed eba a ha abs ea 86 ie Pee 3887|.4389|.4429| .4498)|.4591|.502¢). 5082 -5183).5322 
25103]. 25236|.2541|.313C3|.3145 |.3170|.3205|.37586|.3785).3828). ‘ 6c}.5280 
13 - 25025}. 25103 8 8c]. 3818]. 3860). 4387) -4424| . 4482). 4564) .5018).5071).510C).5 
250 2520 |.2535|.31298|.3142 |.3165|.3194|.375 -378C).3 . . 
ut Poe ae 9 |.3140 |.3159|.3185|.3756 |.3776|.3809|.3855|-4385|.4417|-4469|.4541|-5016|. 5062). 5140) .5247 
2 SS a at aN ele i ; ; ‘ : f -4523|.5014|.5655|.5125|.5220 
2} .25017|.2507 |.2515 |.2528|.3128 |.3138 |.3155|-3179|-3756 |.3773|.3802|.3842).4384|.4412).4459).4523 ag 
3 A -5012|.5048|.5111|.5196 
2h -25015|.2506 |.2514 |.2524).3128 |.3136 |.3152|.3172|.3755 ee ae tee yes “4s tees es sort 5045 -5090). 30am 
; -3168|.3754 |.3768).3792). : . ° : . 
23 .25014|.25057|.2512 |.2522|.3127 |.3136 |.3150).31 z 5|.4482|.5010 .5040].5090|.5160 
; .3164|.3754 |.3767|.3788|.3817|.4382|.4402).4435). 5 
2} .25012|.2505 |.2514 |.2520|.3127 |.3135 |.3147|-31 ol .4473|-S000|. 5037]. coun 
F -3161|.3753 |.3765|.3784|.3811|.4381 -4399|-4430). . 
2} 2501 |.25047|.25102).2518].3127 |.3134 |.3144).31 .4464|.5008|.5033|.5074|.513r 
23 .2501 |.25042|.2509 |.2516].3127 |.3133 |.3143|.3157|.3753 |-3764|.3781|.3805 - 4380) .4398)|.4425)|.4464).5 3 
- 6|.5008|. 5030). 5068). 5r2r 
25 . 25007|.25037|.25085].2514|.3126 |.3132 |.3142].3155|.3753 ie gobi cee a aes Ba pi ye or pe 
7 : 2|.3753 |-3792|.3779|-3790|. - * = = - . = 
3 + 25007]. 25035|.2507 |.2514|.3126 |.3132 |.3139].315 |" 4411|.4439|.5006|. 5024|.5054|. 5005 
‘ + 8|.3148|.3752 |.3760)|.3772|-3790| .4379|-4391|.4411).4 : . 
3} .25007].2503 |.2506 |.2512|.3126 |.3130 |.313 ; oe al cuo:|_seaal_ sania 
, 6|.3145|.3751 |.3758|.3769|-3785)-4378) .4389).4405 | -4430). 5 | - 
3} .25007|.2502 |.2506 |.2510].3126 |.3130 |.313 / ; .5018|.5040).5072 
3% .25005|.2502 |.2505 |.2500].3126 |.3129 |.3135|.3142|.3751 |.3757|-3767|-3780 ge) ay Sept fides 5 5040). 507 
' 
| 7\< '. 5016 .5036) . 506, 
4 .25005|.2502 |.2504 |.2508|.3126 |.3120 |.3133]-3140|.3751 |.3757|-3765|-3779| -4377 | -4385 - 4399) 4417) - 5004) . 5010) . 5030). 5003 
Pitch di ter of Number of threads 
itch diame - = : 
worm £ normal pitch i normal pitch } normal pitch : in. normal pitch 
ins. Tig ee Vass len ae eee ee tps fs 4. ee aie . 
I NOS 7M O77 27 alleT eT o | -7988 | .7710 | .8310 | .9224 |r.037 9083 |x. 001 I.140 | 1.310 | 1.049 ea 1.382 . pe 
I} -6346 | .6629 | .7079 | .7658 | .7667 | .8147 | .8891 | .9836 | .9014 | .9764 | 4.089 | 1.231 | I.0393) 1-14 I ea Pe 
1} -6328 | .6558 | .6925 | .7398 | .7635 | .8028 | .8642 | .9443 | .8065 | .9579 | 1.0524) I.I719| I.032 | 1.1123} 1.25 <a 
26 -6315 | .6507 | .6816 | .7220 | .7611 | .7939 | .8456 |] .9131 | .8927 | .9440 | 1.0238) 1.113 | 1.0263) I. 1019) 1.2175) 1.363 
1} 6305 | .6465 | .6725 | .7078 | .7594 | .7870 | .8310 | .8892 | .890r | .9333 | 1.0148] 1.0903) 1.0233) 1.0863) 1.1855) 1.3115 
1g -6206 | .6435 | .6658 | .6959 | .7581 | .7815 | .8105 | .8608 | .8879 | .9249 .9839| 1.0608/ 1.0188] 1.07390) 1.1507] 1.2705 
i -6289 | .6410 -6603 | .6866 | .7571 | .7773 | .8102 | .8542 | .8859 | .o182 .96905| 1.0373) 1.0164] 1.0641) 1.1300) 1.237% 
1} -6286 | .6389 | .6559 | .6789 | .7561 | .7739 | .8028 | .8417 | .8845 | .o128 -9579| 1.0176] 1.0142] 1.0560) 1.1223| 1.2087 
2 -0280 | .6372 | 165221 .6727 | .7553 | «7710 || «7066 | .8300 | .8835 | .9e8&3 -9484| I.0114] I.cr25| 1.0404] 1.1079) 1.1855 
25 -6277 | .6358 | .6402 | .6673 | .7546 | .7687 | .7014 | .8222 | .8825 | .9046 -9401| .9879/ I Orr2) 1.0440] 1.0063! 1.15690 
2} -6274 | .6348 | .6466 | .6629 | .7542 | .7668 | .7870 | .8147 | .8816 |. .oor5 | .9333 -9763) I.O010 | 1.0392) 1.0863) 1.1489 
2} -6272| | .6336 | .6444 | .6501 | .7537 | .7649 | .7833 . 8083 -8800 | .8087 -9277 - 9665) 1.009 | 1.0354] 1.0778] 1.1334 
2k -6270 | .6328 | .6425 | .6559 | .7533 | .7634 | .7802 | .8028 | .8803 | .8063 -9226] .9578) 1.008 | 1.0318] 1.0704) 1.120 
2g -6267 | .6321 | .6400 | .6533 | .7531 | .7623 | .7773 | .7981 | .8790 | .8045 -9182| .9504) 1.007 | 1.0289] 1.064 | I.IIt 
2i -6266 | .6315 | .6394 | .6506 | .7528 | .7612 | .7750 | .7939 | .8704 | .8028 -9145| .9440) 1.006 | 1©.0263) 1.0586) 1.102 
25 -6265 | .6309 | .6385 | .6484 | .7526 | .7602 | .7720 | .7901 | .8701 | .8012 | .orrr| .0386| 1.006 | 1.024 | 1.537 | 1.0036 
53 -626r | .6305 | .6372 | .6466 | .7524 |] .7503 | .7710 | .7870 | .8788 | .8805 -908I} .0333) I 0057) 1.0222] 4.0404) 1.0863 
3t -6261 | .6206 | .6354 | .6435 | .7520 | .7579 | .7679 | .7816 | .8782 | .8878 | .9034 +9249) 1. 50g I.OrQo] ©.0422| 1.074 
3} -6260 | .6289 | .6340 | .6409 | .7517 | .7568 | .7655 | .7773 | .877 . 8850 -8905| .9182) r.004 1.0163] 1.0366) 1.0641 
3% -6258 | .6285 | .6328 | .6389 | .7515 | .7560 | .7636 | .7740 | .8773 .8845 a “9128 I.003 | 1.0144] 1.032 | 1.056 
} / 
i 
4 -6257 | .628r | .6319 | .6372 | .7513 | .7553 | .7610 | .7710 | .8772 -8834 . 8038) 9082) 1.003 | I.0125] r.028 | 1.049 


from Fig. 2. If ab be the axis of the worm and cd a line represent- be slightly increased. Consequently their product and the lost 


ing a thread, against which a tooth of the wheel bears, it will be seen 
that if the tooth bears upon the thread by a pressure P, that pres- 
sure may be resolved into two components, one of which, ef, is per- 
pendicular, while the other, eg, is parallel to the thread surface. ‘The 
perpendicular component produces friction between the tooth and 
the thread. The useful work done during a revolution of the thread 
is the product of the load P and the lead of the worm, while the 
ke lost in friction is # j fot licul ; 
fei fefpioti Letiveschi bi eo 
which is the length of one turn of the thread. Now, if the angle of 
the thread be doubled, as indicated, the load P remaining the same, 
the new perpendicular component fh of P will be slightly reduced 
from the old value ef, while the length of a turn of the thread will 


work of friction per revolution will not be much changed. The 
useful work per revolution will, however, be doubled, because, the 
pitch being doubled, the distance traveled by P in one revolution 
will be doubled. For a given amount of useful work the amount 
of work lost is therefore reduced by the increase in the thread angle, 
and, since the tendency to heat and wear is the immediate result 
of the lost work, it follows that that tendency is reduced. For small 
angles of thread the change is very rapid, and continues, though in 
diminishing degree, until the angle reaches a value not far from 
45 deg., when the conditions change and the lost work increases 
faster than the useful work, an increase of the angle of the thread 
beyond that point reducing the efficiency. 

These general principles have been given mathematical expres- 
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i Pror. J. e . 
sion by Pror. J. H. Barr (Amer. M ach., Jan. 13,1898). Assuming worms are used the efficiency of the transmission, as such, is of very 


irictionless bearings—a condition that is nearl i 
F y fulfilled by ball little account. What the desi "3 i ith i 
bearings—the formula for the efficiency of a worm gear is: Co ee an 


_ tan a (1 —f tan a) 
tana +f 


question of durability and satisfactory working, and the results to 
be expected in this respect ‘are best shown by the upper curve, in 
which high efficiency means a durable worm. 

The chief significance of efficiency in this connection is that since 
lost power is expended in friction and wear, low efficiency means 
rapid wear and high efficiency the reverse. 

The above conclusions are confirmed by the well-known experi- 
ments of WILFRED Lewis for Wm. Sellers & Co. (Trans. A. S.M. E., 
Vol. 7). ‘The small crosses plotted on Fig. 3 represent the results of 
such experiments as developed the same coefiicient of friction as 
that used in plotting the curves from the above equations. ‘The 
experimental results will be seen to have a very satisfactory agree- 
ment with the lower curve with which they should be compared, as 
the step bearings used by Mr. Lewis were of the plain pattern without 
balls. 

Similar high efficiencies have been obtained repeatedly and most 
recently by Pror. Wm. K. Kennerson for the Brown & Sharpe 
Mfg. Co. (Trans. A. S. M. E., Vol. 34). Using worms of 45° and 
38° 16’ helix angle with ball step bearings on both worms and wheels, 
Professor Kennerson obtained efficiencies as high as 974 per cent. 

The articles by the author, above referred to, include particulars 


in which 
e=efficiency, ; 
«=angle of thread, being the angle dfi of Fig. 2, 
f=coefficient of friction. ¢ 
Assuming a plain step bearing of the collar type having the same 
mean friction radius as the worm, the formula becomes: ! 
_ tan @ (1—f tan @) 


tana + 2f (approximately). 


Notation as before. 


_ Note that a worm being essentially a screw these formulas and the 
following chart, Fig. 3, apply also to the efficiency of screws. 

_In order to present to the eye a picture of the meaning of 
these formulas, Fig. 3 has been plotted from them. 

- The scale at the bottom gives the angles of the thread from o to 
go deg., while the vertical scale gives the calculated efficiencies, the 
values of which have been obtained from the equations and plotted 
on the diagram. The upper curve is from the first equation, and 
gives the efficiencies of the worm thread with a frictionless step; 
while the lower curve, from the 
second equation, gives the combined 
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Fic. 2.—The principle of worm 
gear efficiency. 


Fic. 3.—Relation of helix angle and efficiency of worm gearing. 


although, since it varies with the rubbing speed, no single curve 
can represent all conditions. 

The curves will be seen to rise to a maximum and then to drop. 
The values of the helix angle @ for maximum efficiency as found 
from the foregoing equations by the methods of the calculus are: 

For a frictionless step bearing, ®=43° 34’. 

For a plain step bearing, ©=52° 49’. 

Of more importance than the angle of maximum efficiency is the 
general character of the curves, of which the most pronounced pecu- 
liarity is the extreme flatness, showing that for a wide range of angles 
the efficiency varies but little. Thus, for the upper curve there is 
scarcely any choice between 30 and 60 deg. of angle, and but 
little drop at 20 deg. 


of 18 worm drives of various helix angles doing heavy duty, some of 
which were successful while others failed from rapid wear. Sum- 
ming up the results of the investigation it was found that all worms 
having helix angles greater than 12° 30’ were successful, that all 
having angles less than 9° were failures from rapid wear, while be- 
tween ‘these angles some were successful and some failures. In 
several cases unsuccessful worms of low angle had been replaced 
with others of high angle with the result of changing failure to success. 

The prevailing materials for worm gearing are hardened steel for 
the worm and bronze for the worm wheel. Referring to the examples 
collected by the author and already cited, of eleven successful gears 
doing heavy duty, five had bronze and six cast-iron gears, and, 
moreover, numerous other cases of successful cast-iron wheels 


At first sight the lower curve might be thought the more useful 
of the two, as it includes the effect of the step, but a little consider- 
ation will show that this is not the case. For most cases in which 


1In both formulas the worm thread is assumed to be square in section. 
Thread sections in common use affect the results but little. 


could be cited. The Sellers planer drive, which is essentially a worm 
drive and which has been successful through a long series of years, 
always has the rack of cast-iron. The conditions under which worm 
gearing operates, especially if an oil bath is used, as it should be, 
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regardless of the materials, would seem to be especially favorable 
to the well-known glazing action of cast-iron bearings. 

It may be concluded that, given suitable dimensions for the work, 
worms having helix angles exceeding 15 deg. or better 20 deg. and 
running in oil baths should transmit continuous loads with good and 
even high efficiency and long life. 


Tangential Pressure on Worm Wheel Teeth 


0 ann 141 2.77 5.40 8.61 


0, Sliding Velocity at Pitch Circle 


Sliding velocity at the pitch circle of the worm in meters per second; 
differences of temperature in deg. Cent. Pressures in kilograms. 


Fic. 4.—Relation of pressure and velocity at observed differences 
of temperature in worm gearing. 


Load Capacity of Worm Gears 


The loads to be carried by worm gearing depend upon the dimensions 
of the gearing and the speed. 

The law connecting the speed, pressure and temperature was dis- 
closed in experiments by Prors. C. BacH and E. Roser 
(Zeitschrift des Vereines Deutscher Ingenieure, 1902, and Amer. Mach., 
July 16, 23, 1903). This law is plotted in metric measures in Fig. 4 
from which unfortunately, the scale of pressure is omitted. For com- 
parative purposes it may be scaled. The two curves are for 
observed differences of temperature (centigrade) as noted, between 
the oil cellar and the surrounding air. 

Professors Bach and Roser deduced formulas for the perform- 
ance of worm gearing from their experiments, these formulas trans- 
lated into British units being as follows: 

P=14.235[¢ $ (to—ta) +d] bp 
in which 

P= axial thrust on worm, lbs., 

to = temperature in oil cellar, Fahr., 

tq = temperature of surrounding air, Fahr., 

b = breadth of wormwheel teeth measured on the arc at the 

roots of the teeth, ins., 
p = Pitch (not lead in the case of multiple thread worms) ins., 


2.07 
c= = +.4192, 
d 21,476 
=———  — 24.92 
v+541 ip 
v = circumferential velocity at pitch line of worm, ft. per 
min. 


in the experiments the included profile angle of the worm thread 
was 29 deg., to which angle the application of the formula is prop- 
erly limited. Flooded lubrication was used in the experiments and 
is assumed in the formula. 

1p the original papers v was given as the sliding velocity at the pitch 


line, but a checking of the calculations shows that the quantity actually used 
was the circumferential velocity. 
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Fig. 5 by Pror. J. B. Peppie (Amer. Mach., Jan. 23, 1913) has 
been constructed to give the same results as the Bach and R se 
formula. The use of the chart is shown by the example below it. 
Several trials will usually be required to find suitable proportions of 
pitch to face. 

In the use of the formula or chart, the temperature rise to be 
permitted must be determined by the designer. There does not seem | 
to be any cause for alarm at a considerable rise if suitable oil be used. 
In Professors Bach and Roser’s experiments the extreme rise was 
gs deg. C. (171 deg. Fahr.), while in experiments by PROFESSOR 
KEnNeERSON (Trans. A. S. M. E., Vol. 34) a rise of 225 deg. Fahr. 
was experienced repeatedly, and in one case a rise of 322 deg. Fahr., _ 
the room temperature ranging between 66 and 88 deg. 

In the former experiments the’oil used was “‘an extremely,viscous 
steam cylinder oil” while Professor Kenerson used an oil intended for 
use with superheated steam. In both sets of experiments the worms 
were flooded, as they always should be. 

There is no doubt that bearings frequently operate at higher tem- 
peratures than is commonly believed and without giving trouble. 
Ordinary bearing oil loses its lubricating qualities at a temperature 
of about 250 deg. Fahr. See Index. 

Professor Kenerson’s experiments show that, when subjected to 
varying loads, worm gearing need not be designed for the greatest 
load. The final temperature of the oil cellar was not reached until 
the lapse of two, and in some cases three, hours, while abnormally 
high loads were carried for an hour and more without failure. The 
uniform experience was that, while the rise of oil temperature was 
rapid at the start, it became more gradual as the run continued. 

The materials used in Professors Bach and Roser’s experiments 
were unhardened steel for the worm, and bronze for the wheel. In 
Professor Kenerson’s experiments the worms were of case-hardened 
machinery steel, and the wheels of various grades of bronze, among 
which no great differences were observed so far as the rise of tem- 
perature was concerned. 

Good reason exists for doubting the correctness of Professors 
Bach and Roser’s fundamental analysis and hence of the formula 
and chart based upon it. They are, however, included here be- 
cause they embody the best existing information at the time of 
writing. 

As a contribution to this chapter, the Hindley Gear Co. (successors 
to Morse Williams Co.) have placed at my disposal their method 
of determining the dimensions of their well-known Hindley worms 
which are based on the most extended experience with this gear 
extant. 

The method is based on the use of a constant for the product of 
the velocity and unit pressure, this constant being chosen to suit 
the conditions and being thus largely a matter of experience and 
only partially capable of reduction to a formula. The initial as- 
sumption is that the load is carried by two teeth and that 70 per 
cent. of the area of these teeth is effective bearing area. The area 
of the teeth is determined from the drawing and multiplied by .7 
when the chosen constant is substituted in the formula 


poy=C 
in which 
p=pressure on effective area, lbs. per sq. in., 
v=circumferential speed of worm at the throat diameter 
pitch line, ft. per min., 
C=constant. 


For the most unfavorable condition, that is, for a steady load 
acting continuously and for an indefinite period of time, a conserva- 
tive value is C= 250,000. For intermittent loads much larger values 
may be taken for C—an experience that is directly in line with Pro- 
fessor Kenerson’s experimental determination that abnormally high 
loads may be carried for considerable periods. In general, for inter- 
mittent loads C may be increased in the inverse proportion which 


‘For light loads use light faced figures on both thrust and breadth scales ; for heavy loads use heavy faced figures on both scales. 


the load time bears to the total time. 
_ one-half the total time, C becomes 250,000 K 2 = 500,000, while should 
- the load time be one-quarter of the total, C becomes 250,000 4= 


_ general use of bronze for the gear. 
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Join oil cellar and air temperatures and note intersection with axis X; connect this intersection with the velocity and note intersection 
with axis Y. Any two lines from this point and from the thrust which intersect on axis Z will give the required pitch and breadth of teeth. 


The ex- 


ample is for oil-cellar temperature = 190 deg., air temperature = 60 deg., velocity = 200 ft. per min., thrust=1114 and 5570 lbs., giving 


pitch = 2 ins. and breadth =1 and 5 ins. 


Fic. 5.—Dimensions of worm gears. 


Thus should the load time be 


1,000,000. In extreme cases of intermittent loads applied for short 
periods and at large intervals, C may reach as large a value as 
3)500,000. 

In the matter of materials the timid are disposed to favor the 
The experience of the Hindley 


: ‘Gear Co. has led chem to the following choice of materials. 


For pressures per sq. in. of effective area not exceeding 350 lbs. 
and velocities not exceeding 500 ft. per min., cast-iron for both 
worm and gear. 

For velocities of tooo ft. per min. and over, the pressure per sq. 
in. of effective area being 350 Ibs. for steady or 500 lbs. for inter- 
mittent service, openhearth steel of about 35 points carbon for the 
worm and bronze for the wheel. 

For very heavy thrusts (say 10,000 lbs.) and low velocities (300 
ft. per min. or less) openhearth steel as above for the worm and 
Cramp’s special gear bronze for the wheel. 

Worm-gear cases and, for that matter, all gear cases, should be 


' provided with vents; if this is not done the expansion of the air by 


the heat will drive the oil out through the bearings. The action 
repeats itself every time the gearing is started from the cold state 


and ultimately empties the case of most of its oil. 


Tooth Parts of Worms and Hobs 
The tocth paris of circular pitch worms and hobs of the Brown and 
Sharpe standard may be taken, for most cases, from Table 4 by 
Gro. W. JAGER (Amer. Mach., June 18, 1914). The table is based 
on the formulas given above it which may be used for cases not 
included in the table. 


Milled Worm Wheels 


Considerable use has been made cf worm wheels cut with spur gear 
cutters, the teeth being identical with those of spur gears except that 


Fic. 6.—Milled worm wheel. 


they are cut at an angle with the axis equal to the helix angle of the 


worm as shown in Fig. 6. Very little published information regard- 


TaBLe 4.—TootH Parts or Worms AND Hops 


A=thickness of tooth on pitch line=.50 P., 
B=width at top of thread =.3354 P., 
C=clearance=.05 P., 

D=working depth of tooth =.6366 P., 

E=total depth of tooth =.6866 P., 

F =width of thread tool at end =.3005 P., 

G=depth of space below pitch line =.3683 P., 

H =tooth above pitch line =.3183 P., 

P=circular pitch (not lead in multiple thread worms). 


A B G D E F Ch eee 
per in. 
.8750 |.5869 |.0875 |1.1141|/1.2016|.5416 |.6445 |.5570 4 
8125 |.5450 |.0812 |1.0444/1.1157|.5029 |.5984 |.5172 843 
pigs -503I |.075 -9549|1.0299|.4643 |.5525 |-4775 34 
-6875 |.4611 |.0687 | .8753; .9440|.4255 |.5063 |.4376 841 
|.625 |.4193 |.0625 | .7958| .8583).3869 |.4604 |.3979 45 
»5025 |.3773 |. : +7724). : -3581 56 
-50 23354 ie 5 - 6866). é . 3183 I 
-4687 |.3144 |. A - 6436]. : - 2984 15 
+4375 |.2034 |. F -6007). A .2785 14 
-4062 |.2724 |. 5 .5578). 5 . 2586 1343 
OAS 2 5aOM| a Fi . 5150}. 5 -2387 14 
BAST EZSO5. |e z A720). ‘ 2188 TH 
-3125 |.2006 |}. : -4201). p . 1989 134 
moeGe) 222380 4. : -4577|. " 32122 116 
.2812 |.1886 |. 4 . 3862]. 2 .1790 134 
25 nL OZ 7 ile : GAS Sie 2 15902 2 
22087 iso | ; - 3003]. : .1392 234 
.2000 |.134I |. : -2746). . E273 244 
.1875 |.1258 |. c SONS : .II94 234 
-1562 |.1048 |. S2TABi. z 0004 3% 
-1666 |.1118 |. : 2280]. 3 . 1061 3 
-1429 |.0058 |. Z .1962|. a .0909 3h 
.125 -0839 |}. 5 LTT E .0796 4 
PELIE OTA Sele 0 -1526]. : .0707 44 
-09037 |.0629 |. ; 1287). ‘ .05907 5% 
.10 0671 |. 8 SLT Se 0637 5 
-0833 |.0559 |. 4 -I144]. ; 0531 6 
.0714 |.0479 |. 5 .oo8I}. : 0455 7 
.0625 |.04109 |}. ‘ 0858). ‘ .0308 8 
-0556 |.0373 |. 5 -0763]. 6 +0354 9 
+050 |.0335 |. ; -0687]. 4 -0318 10 
0416 |.0279 |. 7 -0573)- : 0265 12 
.0357 |.0239 |. f .0490). ; .0227 14 
0312 |.0209 |. f -0429|. ‘ 0108 16 
0186 |. sj .0381|. 


“ing this construction is available, but there is excellent reason 


believing that such gears are as satisfactory as those cut with 
a conspicuous example of long-continued success being found in 
Sellers planer drive. For occasional constructions this type of 
wheel offers the advantage that the cost of the hob is saved. 
An examination of Fig. 6 will show that the depth of the 
diminishes as the cut approaches the edges of the wheel. This ef 
increases with increase of the angle of the cut and of width of whe 
face and with decrease of the diameter of the gear. With high h 
angles it may lead to interference and, in such cases, a careful lay ou 
should be made before deciding on this construction. 


TABLE 5.—CONSTANTS FOR USE WITH THE WIRE SYSTEM OF MEAS- 
URING THE BROWN AND SHARPE 29 DEG. Worm THREAD 


For particulars of this method see index 
Wire diam. for given pitches 


Pitch, | Wire diam., 
in. in. 
2 1.0298. 
134 ©.90I10 
th¢ 0.7723 
14 0.6436 
I 0.5140 
34 0.3862 
46 0.2574 
1g 0.1716 
4 ) 0.1287 
lé ©. 1030 
% 0.0858 
°. 
oO. 
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HELICAL (COMMONLY MISCALLED SPIRAL) GEARS 


Of the load-carrying capacity of helical gears the author has no data. 

Note that in what follows the angle of the helix is taken as the angle 
between the teeth and the tangent to the pitch circle—that is, as the 
angle kal, Fig. 4. There is no uniformity of practice in this notation, 
some writers using the complement of this angle—that is, the angle 
lar, Fig. 4.. This difference of practice should be kept in mind when 
comparing formulas from different sources. 

There is no geometrical difference between worm and helical gear- 
ing. ‘This fact is illustrated in Fig. 1 of which the example in the 
immediate foreground is plainly a case of worm gearing, while that 
in the far background is as plainly a case of helical gearing. The 
difference between them is, however, one of degree only, as shown by 
the intermediate constructions. 

Such difference as there is relates to the method of production. 
Worms are commonly cut with threading tools in a lathe, the pitch 
with which we are chiefly concerned being that parallel with the axis 
—the axial pitch—which, in the case of the worm wheels, becomes the 
circular pitch, precisely as in spur gears. The section through the 
worm center line of a, worm and gear in mesh is the same as the section 
of a rack and gear in mesh. Helical gears, on the other hand, are 

cut with cutters in a milling machine, the pitch with which we are 
chiefly concerned being that perpendicular to the teeth—the normal 
pitch. 


Helical Gears of 45 deg. Helix Angle on Shafts at Right Angles 
by Calculation 


Calculations of helical gears of 45 deg. helix angleonshafts atright angles 
may be made for most cases by the use of Table 1 by E. J. Krarnry 
(Amer. Mach., June 29, 1911). 

The law connecting the durability and efficiency with the helix angle 
of worm gearing, which see, applies also to helical gearing. Forall 
practical purposes the angle of maximum durability and efficiency is 
45 deg. Helical gears having this helix angle are also the easiest of 
all to calculate and to make. They are, hence, deservedly popular. 
The speed ratio of such gears is the same as that of spur gears—that is, 
the speeds are inversely as the diameters and as the number of teeth, 
the numbers of teeth being proportional to the diameters, and the 
pitch-line speeds of mating gears are equal. Such gears should be 
used whenever possible, there being, in fact, little reason for using 
other angles except in cases when the required speed ratio cannot be 
obtained with 45 deg. gears on the given center distances. 

The calculation of helical gears not found in Table x begins with 
finding the length of the normal helix, that is, the length of a line equal 
to the normal pitch multiplied by the number of teeth. The normal 
pitch of helical gears is determined by the cutter used and is the same 
as the circular pitch of spur gears. In spur gears the circular pitch 
multiplied by the number of teeth equals the circumference, from 
which it is plain that, in the calculations, the normal helix of helical 
gears is analogous to and takes the place of the circumference in spur 
circumference 
‘ es 


gears. Similarly, in spur gears, =diameter, and in 


length of normal helix 
but which is analogous to, and, in the calculations, takes the place of, 
the diameter in spur gears. 


helical gears, =a quantity which has no name 


The author has shown (Amer. Mach., Nov. 28, 1901. Van Nost- 
rand’s Science Series No. 116) that for 45-deg. helical gears: 
1, _1.4142C 
rm mn (a) 


re 


in which /,=length of normal helix of driver, ins., 


C =distance between centers, ins., 
r,=r.p.m. of driver. 
r2=r.p.m. of follower. 


Seow the quantity which takes the place of the diameter inspur- 
™ 


gear calculations as already noted. 


Fic. 1.—Helical and worm gears. 


The author has also shown (same references) that for 45 deg. gears: 
hy 
yee ©) 


 .7O7I 


in which d;=diameter of driver, ins. 
The use of these formulas is best shown by an example: 
I 


Let C=4- 3 4.468 ins, 
32 
Ti 

and — = 
T? 4 


Inserting these values in (a) we have: 
hy _ 1.4742 X 4.468 
I+4 
= 1.2637 ins. 

Assuming next that a 6 diametral pitch cutter is to be used, we 
multiply this quantity by the diametral pitch to find the number of 
teeth, precisely as we multiply the diameter of a spur gear by the 
diametral pitch and obtain: 

number of teeth in driver =1.2637 X6 
=7.58 


(Continued on page 140, first column) 
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Helix Angle of the Helical Gear 


807570 65° 60 55 50 45° 40 


3° 
35 


| 


Number of Teeth in the Helical Gear 


80 

90 
100 
110 
120 


Locate the intersection of the lines for the helix angle and the number of teeth. The number in the area in which the inter- 
section falls is the cutter number required. 


Fic. 2—Cutters for helical gears. 


This number is fractional as it almost invariably is. A fractionel 
number of teeth is, of course, impossible and the obtaining of such a 
number shows that the assumed conditions are impossible and that 
they must be changed. More specifically, the center distance must 
be increased to admit 8 teeth or reduced to provide for 7. Adopting 
8 teeth, the result is to change the length of the normal helix from the 
trial value first found. As in spur gears: 
number of teeth 
diameter pitch 


diameter = 


So in helical gears: 
true normal helix number of teeth. 
t ~ diametral pitch 


5 te 
= 6 = 1-333 ins. 


instead of the trial value 1.2637 ins., as first found. 
true value in (6) we have: 


1, 
Gas =1.885 ins. 
-7071 
as the diameter of the driver. Since the numbers of teeth and the 


diameters of the two gears are inversely as the speeds we have: 


Inserting this 


Number of teeth in follower=8 X4=32 

Diameter of follower =d2 =1.885 X4=7.540 ins. 

di+dz_ 1.885-+ 7:540 
2 


-=4.7T9¢ Ins. 
B 4.7125 


Finally C= 


=corrected center distance that must be used. 


: : 2 ins. 
To find the outside diameter of the blank add eae pice the 


pitch diameter. 

To find the Brown and Sharpe cutter to be used, multiply the number 
of teeth in the gear to be cut by 2.83 (=sec.' 45°) and select a cutter 
for the resulting number of teeth or use the chart, Fig. 2, by A. E. 
Larsson (Amer. Mach., July 2, 1908), the use of which is explained 
below it. 


Helical Gears of 45 Deg. on Shafts at Right Angles by Graphics 


The results may be checked by a graphical construction, Fig. 3, 
the use of whichis explained below it. 


Helical Gears of any Helix Angle on Shafts at Right 
Angles by Calculation 


The solution of helical-gear problems for helix angles other than 45 
deg. depends upon the same principle—finding the length of the nor- 
mal helix to contain the required number of teeth—the process 
always involving a trial and a final solution. A clear understanding 
of the methods involves a knowledge of fundamental principles. 

Fig. 4 is a conventional representation of a helical gear with its 
pitch cylinder prolonged. One of the teeth is also prolonged to 
make a complete turn around the cylinder, the resulting curve, abcdef, 
being the footh helix. For purposes of calculation this helix is defined 
by the angle kal between a tooth and the tan gent to the pitch cylinder. 
For shop purposes it is more commonly defined by the length af of 


HELICAL GEARS 


a’ 


= twice the assumed center distance. 

= 2X 4.468 = 8.936 ins. 

- Divide ab at c into two parts, the lengths of which are in the ratio 
of the speeds, that is 


Lay down ab 


CDEaGA esr a4 
or cb = 1/5 X8.936 =1.7872 ins. 
and ca = 4/5 X8.936 =7.1488 ins. 
Draw de at an angle of 45 deg. with ab and draw ad and be at 
_ tight angles with de, giving cd and ce which equal the 
trial lengths of normal values 
Te 
Scale cd and ce and multiply them by the diametral pitch, that 
is: 
Scale length 1.26 X6= 7.56= Trial number of teeth in driver. 
Scale length 5.04 X6 =30.24= Trial number of teeth in follower. 
The results being fractional, increase (or decrease) them to 
the nearest whole numbers having the given ratio of I to 4, that 
‘is, increase them to 8 and 32. Divide these numbers by the 
diametral pitch 


8/6 =1.333 ins. 
32/6 =5.333 ins. 
and lay down cd’ =5.333 ins. and ce’ =1.333 ins. 
and e’b’ perpendicular to de and we have: 
ca’ = diameter of gear = 7.540 ins. 
c’b’= diameter of pinion = 1.885 ins. 
a’b’ = twice the center distance = 9.425 X ins. 


Draw d’a’ 


Fic. 3.—Graphical construction for helical gears of 45 deg. helix 
angle. 
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nearly a right angle. It is apparent from this illustration that the 
length of the normal helix from a to d takes in all the teeth and that 
ao, multiplied by the number of teeth, must equal ahpd and not 
ahpg. ‘This length ahpd is always less than ahpq, and usually much 
less. Fig. 6 A is a development of the gear end of Fig. 5 on a reduced 
scale, ad being the developed length of the normal helix. Fig. 6 B 
and Fig. 6 C show how with the same circumferential pitch and the 
same number of teeth but a reduced value of the angle kal, the 
length of the normal helix, which cuts all the teeth, grows shorter until 
it may make but a small part of a complete turn around the cylinder. 
It is clear that in all cases the line ad cuts all the teeth precisely as 
does the circumference aa, which goes completely around the cylinder. 
It is also clear that if the normal pitch is decided upon at the start, a 
diameter of cylinder and a helix angle must be found such that the 
normal pitch, multiplied by the number of teeth, shall equal the length 
of the normal helix between two intersections with the tooth helix. 

It is natural to ask: Why not employ the circumferential pitch and 
so deal directly with the circumference instead of the normal helix? 
Because we do not know what it is. The normal pitch is determined 
by the cutter used, while the circumferential pitch depends also upon 
the helix angle, and until this angle is known the circumferential 
pitch is not known. 

In the extreme case of a helical gear in which the helix angle is so 
small that the gear becomes a single thread worm, as in Fig. 7, points 
o and d of Fig. 5 coincide and the length of the helix between a and d 
becomes the normal pitch. It is, however, true as before that the 
normal pitch, multiplied by the number of teeth, which is now one, 
is still equal to the length of the normal helix betweed two intersec- 
tions with the tooth helix. 

A glance at Fig. 6 will show that in gears of the same diameter the 
length of the normal helix! grows shorter as the angle kal grows less, 
and hence that it and its gear will contain successively fewer and fewer 
teeth of the same normal pitch. That is to say, the number of teeth 
in a gear varies with the helix angle as well as with the diameter and 
the number of teeth in two gears of the same normal pitch is not necessarily 
proportional to the diameters. In fact, it is never so proportional, 
except when the angle kal is equal to 45 deg. The diametral pitch of 
the cutters and the diameter of the gear thus do not determine the num- 
ber of teeth. 

Fig. 8 illustrates the simplest possible case of a pair of helical gears. 
The shafts are at right angles, the gears are of equal size and the tooth 
helix has an angle kal of 45 deg. Such a pair of gears will obviously 
run at the same speed—that is, have a speed ratio of 1—and as 
obviously both will have the same number of teeth. Unlike spur 


BiG: 4. 


Fic. 5. 


Fics. 4 and 5.—Tooth and normal helices of helical gears. 


a complete turn around the cylinder—that is, by giving the pitch of 
the helix. 

The normal helix, aghdipg,is also drawn in. The normal pitch is 
the distance ao, an being the circular pitch. The normal pitch mul- 
 tiplied by the number of teeth must equal the length aghd of the nor- 
mal helix between its intersections with the tooth helix—not the 
length aghipg of a complete turn around the cylinder. That this is 
true may be seen by reference to Fig. 5 in which the angle kal is 


gears, there are two ways in which the speed ratio of such a pair of 
helical gears may be varied. First, the diameters of the gears may be 
changed, as with spur gears, the angle of the tooth helix remaining 
unchanged, as in Fig. 9; and second, the angle of the helix may be 
changed, the diameters of the gears remaining unchanged, as in Fig. 
10. These methods act in very different ways. The first method is 


“Length of normal helix’? is to be understood as meaning the length of 
that helix between two intersections with the same tooth helix. 
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analogous to the procedure with spur gears. As with spur gears the 
circumferential or pitch-line speed of the two gears remains, as before 
the change, equal, but the length of the circumference of the two gears 
is unequal and the larger one thus makes a less number of revolutions 
than the smaller one. The second method is entirely unlike anything 
seen in connection with spur gears. Byit the pitch-line speeds of the 
two gears are made unequal, and hence, while their diameters are 
equal, the lower one revolves the more slowly. This points out 
another fundamental difference between helical and spur gears: 
With helical gears, unless the helix angle is 45 deg., the pitch-line 
speeds of two mating gears are not the same. 


k k k 
a 


‘oon al f=) 
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|---| -\ 
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EEE 
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Fic. 7.—Normal helix of a worm. 


The two methods of changing the speed ratio shown in Figs. 8 and 
gmaybecombined. That is, part of the desired change in speed may 
be obtained by changing the diameters of the gears and the remainder 
by changing the angle of the helix. Given the speed ratio and the 
diameter of one of the gears, we may assume a helix angle and find a 
diameter for the second gear to go with it which shall give the desired 
speed ratio and, having done this, a second angle may be assumed and 
a second diameter be found. ‘There are thus an indefinite number of 
combinations of angles and diameters which will give the required 
speed ratio. Note, however, that with the diameter of one gear 
fixed, every change in the diameter of the other changes the distance 
between centers, and that the lengths of both normal helixes must 
be exact multiples of the normal pitch of the teeth. The problem 
of designing spiral gears thus consists of finding a pair which shall 
have a given center distance, helix angles which can be cut with 
the means at hand, and such a normal pitch that stock cutters can 
be used. 

Geometrically speaking, there is a wide range of choice in the helix 
angle. As regards the desirability of different angles from the stand- 
point of durability, the conditions are essentially the same as in worm 
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gearing, in which the most favorable angle for durability is not far 
from 45 deg. There is, however, but a trifling increase in wear down 
to 30 deg., no serious increase down to 20 deg., and no destructive. 
increase down to about 12 deg. Where gears are to transmit consid- 
erable power, the best results should attend the use of angles between 
30 and 45 deg., while angles as low as 20 deg. may be used in case of 
need, and as low as 12 deg. if the gears are to run in an oil bathordo 
light work only. The angle may also be increased above 45 deg. by 
similar amounts and with similar results. 


Fic. 9. 


Fics. 8 to 1o.—The speed ratio of helical gears. 


The author has shown (Amer. Mach., Nov. 21,1901; Van Nostrand’s 
Science Series No. 116) that for helical gears having shafts at right 
angles: 

7d, (.) 
in which r;=r.p.m. of driver, 
72=r.p.m. of follower, 
d,=diameter of driver, ins., 
d.= diameter of follower, ins., 
a=helix angle of driver, deg., 
=angle kal of Figs. 5, 6 and 7 measured on the driver. 

Note that formula (c) differs from the corresponding formula for 
spur gears only by the introduction of the factor tan @. 

In any actual case the center distance and the speeds are given 
and the diameters and helix angle must be found. We may assume 
a ratio for the diameters and find the angle, or we may assume an 
angle and find the ratio of diameters. It is desirable to assume the 
angle first, as on it depends, largely, the durability of the gears. To 
do this the above formula may be more conveniently written: 


d 


ee | 
> Ag tan @ (d) 
The author has also shown (same references) that 
2C 
d,= ———_ (e) 


1 
= Ten wes 
re 


in which C=distance between centers, ins. 

Having assumed a value for @ and substituted its tangent and the 
ratio of the desired speeds in (e), we find a value for d;, and, having 
found d;, dy may obviously be found by subtracting d; from 2C. 

Such a solution is complete in a geometrical sense, and if it were 
feasible to make a cutter to suit each case, it would be complete in a 


_ practical sense also. When, however, we go a step further and find 
the length of the normal helixes, the probabilities are all against their 
being exact multiples of the pitch of any stock cutter. The solution 
so obtained must therefore be considered as provisional and be modi- 
fied to suit the cutters to be used. 


The author has also shown (same references) that 


HELICAL 


I1,=c, sin a 


=7d, sin @ 
“ 
Sor oats sin @ (f) 
7 
and that 13=C2 cos @& 
=7d2c0s @ 
or ta, cos @ (g) 
in which c,;=circumference of driver, ins., 
¢,= circumference of follower, ins., 
d,=diameter of driver, ins., 
e d,=diameter of follower, ins., 
d;=length of normal helix of driver between intersec- 


tions with tooth helix, ins., 
d2=length of normal helix of follower between intersec- 
tions with tooth helix, ins., 
a=tooth helix angle of driver, deg. 
Note that (f) and (g) give the lengths of thenormal helixes divided 
by z and not their actual lengths. This is done because, in dealing 
with diametral pitch cutters the calculations are made less laborious 


as has been explained in connection with 45-deg. gears. Dividing 
(f) by (g) gives: 
h disina 
l, dz cos @ 
dy 
Ze tan @ (h) 


Comparing (c) with (i) proves what is almost self-evident, that the 
lengths of the normal helixes are to each other inversely as the number 
of revolutions, and hence that a pitch which will exactly divide the 
short helix will also divide the long one and that the numbers of teethin 
the gears are inversely as the speeds. 

The use of the formulas is best shown by an example: 


r.p.-m. of driver 71 f 


r.p.m. of follower ro 


Assume that 


and 
center distance =C = 433 
j =4.468 ins. 
We are, at the start, entirely at sea regarding the whole matter; 


. but as an angle of 30 deg. is favorable to durability we may use it as a 
trial angle and see what it will lead to. Finding the tangent of 30 


: TI. ‘ 
deg. ina table and substituting it and the value of = in (e) we obtain: 


414% 5773542 
= 2.7 ins.* 
Obviously di +d2=2C or 
d,=2C—d, 
d2=2X4.468 — 2.7 

= 6.236 ins. 


that is, 


h 
= =2.7X%.5 


7 


From (f) we find 
= tS tS. 


l 
and from (g) — = 6.236 X 866 


= 5.4 ins. 


1 For a method of greatly abbreviating the calculations from this point 
on, in most cases, see Table 2 of Real Diametral Pitches of Helical Gears. 
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hy 


; l 
These values of di, do, = and = are the provisional values belong- 


ing with 3o deg. for a. We must next find if these lengths of the nor- 
mal helixes will contain exact whole numbers of teeth. Assume that 
6 diametral pitch cutters are to be used. With spur gears, 


circumference 


diameter X diametral pitch = — > diametral pitch 


= No. of teeth 
and so with helical gears, 
length of normal helix 
T 


diametral pitch =No. of teeth 
Performing the multiplications we have: 

1 

nX6=1.35X6 
=8.1 teeth 


I; 
and = X6 = 5.4 X6 


= 32.4 teeth 

The provisional normal helixes thus contain 8.1 and 32.4 teeth of 
the desired pitch, and as these numbers are impossible, we take the 
nearest whole numbers having the desired ratio of 1 to 4, namely, 
8and 32. That is, we decide to make the gears smaller and so shorten 
the normal helixes until they contain exactly 8 and 32 teeth— 
the result being also to reduce the center distance from the 
assumed value. 

To determine how much to reduce the diameters we must first 
find the reduced lengths of the normal helixes, which must be such 
that: 


Oe 
iy 8 
= fae 
=e sa snan Se 
le 
and 7X5 =32 
or Loop ihae ins. 
T 


l UD ope 
Knowing these corrected values of S and os it is easy to find the 


new diameters thus: The ratio between the provisional and final 
diameters is the same as that between the lengths of the provisional 
and final helixes, which latter is 8.1 to 8 or, its equal, 32.4 to 32. 
That is: 
final diameter 8 
provisional diameter 8.r 


ae ; 8 
or final diameter =provisional diameter Xs, 


8 
or final d, = 2.7 Xe, 


= 2.667 ins. 


8 
and final ds = 6.236 Xo— 


= 6.159 ins. 
and d,-+d2= 2.667 -+6.159 =8.825 ins. = twice the new center distance. 
These calculations may be greatly abbreviated in most cases by the use 
of Table 2 by Wm. Haucuron (Amer. Mach., Sept. 7, 1911). In this 
table Mr. Haucuron has given a series of numbers (which he calls 
real diametral pitches) having the same relation to the circular pitches 
of helical gears that the usual diametral pitches have to the circular 
pitches of spur gears. We have the well known relation: 
No. of teeth in a spur gear 
- diametral pitch 
And so with this table: 
No. of teeth ina helical gear Sten diameter 
real diametral pitch 


=pitch diameter 
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The use of the table is best shown by applying it to the example 


already worked out, in which } 
revolutions cf driver 


revolutions of follower 
Trial center distance =4.468 ins. 
Helix angle =30 deg. 
Diametral pitch of cutter =6 
We first apply formula (2), for which a column of tangents will be 
found in Table 2, the result being as before: 
trial diameter of driver =2.7 ins. 
We now consult the Table 2 and, opposite 30 deg. helix angle and 
below 6 pitch, we find 3 as the real diametral pitch. Now: 
No. of teeth=pitch diameter Xreal diametral pitch 
=2.7X3=8.1 
This result being fractional and hence impossible, we reduce it to 
8 and then find 


¢ No. of teeth 
final diameter of driven = 


real diametral pitch 


8 
=—=1.667 ins. 
3 7 


The speed ratio being 1 to 4 the mating gear must have 
8X4=32 teeth 
Looking in the table again for the real diametral pitch of the mating 


gear, we find it to be 5.196 and, as before, 
: No. of teeth 
final diameter of follower =Feal diametral pitch 
32 
ee 5-196 

Note that for depth of tooth and diameter of blank the diametral 
pitch as given in the top line of the table is to be used. 

The special values of helix angles 26 deg. 34 min. and 63 deg. 
26 min. are for gears of equal diameter with a speed ratio of 2. 

By an adjustment of the angle a it is possible to solve the prob- 
lem for the assumed center distance. In this, helical gears possess 
a property not shared by spurs of diametral pitch, which can only be 
made of such diameters as will contain an exact whole number of 
teeth. The lack of this property has not been found of moment 
with spur gears and it would seem that its possession is of correspond- 
ingly small value with helical gears. For this reason the author has 
omitted its consideration here. Those who desire to learn its use 
are referred to Worm and Spiral Gearing—(Van Nostrand’s Science 
Series No. 116) by the author. 


=6.159 ins. 


Helical Gears of any Helix Angle by Graphics 


The above determinations may be made or checked by a graphical 
construction, Fig. 11, the use of which is explained below it. 


: A 2 ins. 
To find the outside diameter of the blank, add diametrall pitch 


to the pitch diameter. 

To find the Brown and Sharpe cutter to be used divide the number 
of teeth in the gear to be used by sin? @ and select a cutter for the 
resulting number of teeth or use the chart, Fig. 2. 

The pitches of the tooth helixes are found by the formulas: 

pitch of tooth helix of driver=zd, x tan @ 
pitch of tooth helix of follower =7dz cot a 
a being taken from the driver in both cases. 


Helical Gears of any Helix Angle on Shafts at any Angle 
The calculation of helical gears on shafts at other angles than go deg. 
brings in the angle between the shafts. 
Let r1=r.p.m. of driver. 
r2=r.p.m. of follower. 
d,=diameter of driver, ins. 
d,=diameter of follower, ins. 
a=helix angle of driver, deg. 
¢=angle between the shafts, that is, the lesser of the 
supplementary angles, deg. 
C=irial distance between centers, ins. 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


At any convenient distance 


Lay off ab = 2C = 813 inches. 
lay off the indefinite line cd parallelto ab. Atclay off the pro- 


visional angle a2 = 30 degrees. Draw ef at any convenient 
point perpendicular to cd. Take ef in the dividers and step it 
off from e toward d as many times as will represent the ratio of 
the desired speed of the driver divided by that ef the follower. 
That is, in the present case, lay off ef 4 times above e and thus 
obtain d. Draw ca and db and extend them till they meet at 
g.1 Draw ge, giving ah and bh, which are provisional diameters 
of driver and follower respectively. Draw hp perpendicular 
to ab, at h lay down hk and hl to repeat a, and from h strike 
arcs ak and bl. Draw ko and nl perpendicular to ab and we 
have the provisional values. 


ani es 
bh = dy 
ioe 
ee 


usually are not, select the nearest whole numbers having the 
desired speed ratio, and they are the final numbers of teeth. 
Divide these numbers by the diametral pitch number to obtain 


1 1 
the final values of — and ~ and lay them down as ho’ andhn’. 
Draw o’k’ and I’n’ and k’a’ and I'b’, giving: 
a’h = the final d,, 
b’h = the final do, 
a’b’= twice the new center distance. 


Fic. 11.—Graphical solution of helical gears of any helix angle on 
‘ shafts at right angles. 


Formula (e) becomes for this case: 
ot 
rT, Sin a (i) 


ra sin (+g) +? 


d\= 


As before dz=2 C—d. 


1 Had ced been taken shorter than ab, g would have fallen to the left of 
the diagram, but the construction would otherwise have been unchanged. 
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Fics. 12 to 14.—Helices of gears on shafts at other than right angles. 


As before these values of d; and d are to be treated as trial values 
and tested and adjusted for exact whole numbers of teeth. For the 
driver, formula (f) applies directly, but not so with (g) for the fol- 
lower. If the shafts are at right angles the helix angles of mating gears 
are compliments and the cosine of one may be used for the sine of 
the other, as in (g). With the shafts at other angles, this is no 


longer true, and it is necessary to find the angle of the follower 
the relation: - 

Sum of helix angles=180°—shaft angle . 
Calling the helix angle of the follower 8, we have in place of (g): 
Ca 

So also, in finding the pitch of the tooth helix, the cotangent of 

the angle of the driver cannot be used for the tangent of the angle 
of the follower, the formulas becoming: 

pitch of tooth helix of driver=z d; tan @ 

pitch of tooth helix of follower= zd. tan 8 

The helixes of gears on shafts at right angles are always of the 

same hand but, with shafts at other angles, the relation given above 
for the sum of the helix angles makes it possible that one of the gears 
may be a spur, or its helix may be of opposite hand to its mate. 
This is more clearly shown in Figs. 12, 13 and 14, by H. B. MCCABE 
(Amer. Mach., Oct. 11, 1906). In Fig. 12 the driver has a left-hand 
helix with an angle equal to the shaft angle and the follower in a 
plain spur. In Fig. 13 the angle of the driver has been reduced and 
the helix of the follower is right hand, while in Fig. 14 the angle of 
the driver has been increased and the helix of the follower is left 
hand 


2=ds sin B. 


PLANETARY (EPICYCLIC) GEARS 


a 
— 


The action of epicyclic or planetary trains of gearing may be deter-~ 
mined from the following collection of formulas by F. J. Bostocx 


. (Amer. Mach., May 16, 1907). 


An ppeiciic gear is one that revolves around the center of another 


with whichit isin mesh. The formulas that follow begin with simple 


and lead up to more complex arrangements. 

Example 1.—If in Fig. t R and N are two gears in mesh, rand 
being their respective numbers of teeth, their bearings being fixed, 
then: 

velocity of driven gear Ny 
velocity of driver gear Rn’ 


' : r 
or N’s velocity = R’s velocity x = 


If, however, R revolve in a positive direction, N must revolve in the 
opposite, that is, in a negative direction. 


.". N’s velocity = — R’s velocity X= (a) 


In all these calculations it is essential that great care be taken in 
order to obtain the correct sign of the resulting velocity. 

Example 2.—An intermediate gear J is placed in contact with 
both WV and R, Fig. 2. The effect will be that of giving N motion 
in the same direction as R. 


2) 


2 : r 
*, N’s velocity = R’s velocity x 


Simple Epicyclic Train 


Example 3.—Two gears, F and N, are in mesh, the centers of 
which are on the arm R, which is capable of revolving around the 
center of F. It is required to find the velocity ratio between R and NV 
when R revolvesaround the fixed gear F; Fig. 3 shows the arrange- 
ment. The gear NV is subject to two motions due to the following two 
conditions: 

a. The fact of its being fixed to the arm R. 

b. The fact that it is in contact with the gear FP. 

We will therefore in the first place suppose that they are not in 
gear, and that NV cannot rotate onthearm R. Then if R makes one 
revolution around F it is obvious that V must also make one revolu- 
tion around F, as in Fig. 4. 


.".N’s velocity due to condition a,= R’s velocity, 


-the direction being the same as R’s. 


Secondly, if instead of R making one revolution around Fina + 
direction, we cause F to make one in the opposite, that is, negative 
direction, we shall have exactly the same effect. Therefore place 


F and N in mesh, and fix the arm R, as in Fig. 5 
Then if F makes—1 revolution, NV will make +2 revolutions. 


(According to equation (a). 
But —1 of F=-+1 of R. 


.”. I revolution of r=! revolutions of JV, 


7 £ : ; 
or, N’s velocity, due to condition 6 se x R’s velocity. 
By addition we obtain the total impulses given to JN, that is: 


N’s velocity = R’s velocity+ J R’s velocity 


=R’s velocity X (: +). 


‘ velocity of driver gear 


Epicyclic Train with an Idler 


Example 4.—If an intermediate gear I be inserted between F and 
N, as in Fig. 6, we have a similar case to the above, but the inter- 
mediate gear has the effect of changing the direction of revolution of 
N (equation b), due to its contact with F through J. 


.. N’s velocity=R’s velocity x ( -f) : (d) 


It will be seen that if f=mn, N will not have any motion of rotation at 
all; and it will have a positive one if f<m and negative iff>n. Thus 
by the adjustment of f and one can obtain great reduction in speed 
by means of few moving parts. 


Simple Epicyclic Train with Internal Gear 


Example 5.—Instead of the driven gear N being external, it might 
have been internal, as shown in Fig. 7. The effect will be the same 
as inserting an intermediate gear in Example 3, giving the same 
result as case 4, namely: 


N’s velocity = R’s velocity x (« -£) : (e) 


In this case n>f. 
.’. The final direction is always +. 


Internal Gear Epicyclic Train with Intermediate Gear 


Example 6.—Fig. 8 shows a still further modification of this condi- 
tion, J being an intermediate gear. The result is: 


N’s velocity = R’s velocity X (: +4) : (f) 


The Same Train with the Internal Gear Driving 


Example 7—With the above type, one often arranges the outer 
internal gear to be the driver, imparting motion to the arm carrying 
the intermediate gear. See Fig. 9. 

We have seen by equation 6 that: 


N’s velocity (driven) 
i 
R’s ve ocity (driver) aye 


ih 


- 


.. N’s velocity = R’s velocity + (: oe) 


=k’s velocit (4 ) 
YX ay (s) 
The latter two examples constitute what is known as the ‘Sun and 
Planet” gear, which is largely used in many mechanisms. All the 


above examples show “‘simple” gearing, but they can be compounded 


with great advantage. 
Compound Gears in Fixed Bearings 


Example 8.—Gears compounded together are shown in Figs. 


ro and rr, 11 being a diagram of 10. One repeats the well-known 


rule that: 
product of number of teeth of driver gears 


~ product of number of teeth of « driven gears 


rxm 
5 velocity = R’s veloci — h 
N’s velocity = R's velocity x” re (h) 


velocity of driven gear 


The direction is the same as N’s namely, +. 
(Continued on page 149, first column) 
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Fic. 9.—Same train as Fig. 8 but Fic. Fic. 11.—Compounded Fic 
with the internal gear driving. 


gears in fixed bearings. 
Eq. (g) N’s V.=R’s V.X (1) ra Qyvak=Reex ee one 


to.—Compounded . 12.—Compounded epicyclic 
gears in fixed bearings train. f 
Eq. (i) N’s V.=R’s V.X (: oe “4 


sm 
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Fic. 13.—Second stage in deriving equa- 


Fic. 14.—Compound epicyclic train Fic. 15.—Compound epicyclic train 
tion (4); arm assumed to be fixed, F turned with one internal gear. with two internal gears. 
Bacio ard: Eq. (i) N’s V.=R’s V.X (: +i) See Ba. (0), Saas ae 
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NOTATION 

R= Denotes Driving Gear, or in some 
cases, Arm. 

r= Number of Teeth in Driving Gear, 
N= Denotes Driven Gear cr Arm, 
n= Number of Teeth in Driven Gear, 
I, S and Mdenote Interniediate Gears 
F= Denotes Fixed Gear, 
f = Number of Teeth in it. 
V= Angular Velocity. 
“77 Denotes part which is Fixed. 


Fic. 16.—An epicyclic train consisting of Fic. 17.—Diagram of the train of Fig. 16. 
*wo central gears, one arm carrying two (‘Aa ) 
: Eq. (&) N’s V.=R’s V.X (———5 ) - 
planetary gears, and two internal gears, one a.) eth n(r’+f) 
of which is fixed. 


Fics. 1 to 17—Planetary gear trains with corresponding velocity ratio formulas. 


Compound Epicyclic Train without Internal Gear 


Example 9.—We will now arrange to fix one of the gears F, and 
y means of the arm R revolve the others around it, thereby 
ausing N to revolve as shown in Figs. 12 and 13. As before, 
e will assume the gears M and-S to be out of mesh, so that 
hen the arm R, carrying withit the gear N, makes one revolu- 
ion around F, N must also make one revolution relatively to F. 
Iso when they are in mesh, the arm R being fixed and F makes one 


evolution in a negative direction (see Fig. 13), N will aren 
; sn 


evolutions (equation h). 


Now the total motion imparted to N must be the sum of these two, 
namely: 


e m : 
I revolution of R= sft revolutions of N, 


: : fX ) , 
? — J? y . 
N’s velocity =R’s velocity X (: oe (i) 
Compound Epicyclic Train with One Internal Gear 


Example 10.—Fig. 14 shows a slight modification of the last case, 
being an internal instead of an external gear. Obviously the only 
ifference will be in the direction of V’s motion, that is: 

N’s velocity = R’s velocityX (: +2) . Gj) 
Compound Epicyclic Train with Two Internal Gears 


Example 11.—A further modification, however, is one in which 
oth F and WN are internal gears, Fig. 15, the effect of such being a 
change of sign in the equation. 

.. N’s velocity=R’s velocityX (: — “4 . (i) 
The type shown in Figs. 12 and rs is, perhaps, one of the best 
methods of obtaining a good reduction of speed in an easy and 
cheap manner. 
' There are several combinations of the examples shown, but as they 
are all somewhat similar we will take another typical case as a guide 
for future calculations. 


An Epicyclic Train Consisting of Two Central Gears, One Arm 
Carrying Two Planetary Gears, and Two Internal Gears, 
One of Which Is Fixed 


Example 12.—The writer has successfully used the arrangement 
shown in Figs. 16 and 17, in which R and R’ are two spur gears 
mounted on one shaft; J and J’ are two “planet” pinions, while F 
and W are two internal gears, the former being fixed. R and R’ are 
made to revolve, which has the effect of giving N a very slow speed. 


: Finding the Velocity Ratio 


As this is somewhat complicated, we will work it out in stages: 

1. Obtain the revolutions of the arm A when R’ makes one revolu- 
tion, F, of course, being fixed. 

2. Obtain N’s revolutions when the arm A is fixed and R makes 
one revolution. 

3. Assume R fixed, and that the arm makes one revolution; obtain, 
then, WV’s revolutions. 

4. Then if N makes so many revolutions to one of the arm, as 
given by stage 3, we can by proportion obtain how many will be 
caused by the amount given by stage 1. 


PLANETARY GEARS 
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5. Add the results of 2 and 4 together, and obtain the motion 
given to NV by one revolution of R, which is the desired result. 
Working the above out we obtain: 
1. When F is fixed and R’ makes one revolution, the arm A must 
y! 
make-+ eee (According to equation (g) 
2. R makes one revolution, arm A being fixed; then N must make 
is 4 A 4 : 6 
oe revolutions. (According to equation (b).) Negative sign used 


because of the internal gear. 
3. When R is fixed and arm A makes one revolution, N will make 


+ (+5) revolutions. (According to equation (f).) 


: C iL 5 
4. With one revolution of arm, N makes a revolutions, from 


stage 3; 
: re ; : , 
*, with ua revolutions of the arm, as derived in stage 1, V 
will make 


(r+5) x (rae) 


5. The aggregate is the sum of the effects derived in stages 4 and 
2, namely, to one of R, N makes: 


(x45) (7a) + (-3) 


Bn f 

nr’ +f) n 

GS Et Bal? Ty 
n(r’ +f) 

eieatss 

Hr +f) 


The final direction of revolution of N will depend upon the re- 
lation which r’n bears to rf; if the former be greater, then the direc- 
tion will be positive (+), and vice versa. The formula for this 
combination is, then: 


soe (k) 


n(r'+f) 


Some Numerical Examples in Epicyclic Gearing 


N’s velocity = R’s velocity X ( 


In order to illustrate the above examples we will take one or two 
cases. 
If in example and Fig. 3, f= 30, 7 =25, then to one revolution of 


R, N will make (: Le =1+32=2t revolutions. 


It will be obvious that with f=, N would revolve at twice the 


speed of R. 
In the type shown in Fig. 7, f=60, n=65. 
then 
ee 
Velocity of V _ adh hes ee 
Velocity of Rae a) ae @ =a 


The arrangement of Fig. 12 is much used. Let »=60, f=61, 
S=40, M=4l. 
Then the velocity ratio between WV and R is 


61X41 2501 
~~ 40X60 2400 
=say 1:24, in a minus direction. 
Illustrating example 12, Fig. 16, let r=go, r’=o01, f=120,n=121. 
Velocity of N r’n—rf 91 X121—gceX120 
Velocity of R n(r’+f) —-121(g1-+120) 
IToTI—I08co 2I1 ney 
I2tX21t ~J21X211~ 121 


ROPES 


Important differences exist between British and American prac- 
tice in rope driving. Thus British engineers prefer three strand 
cotton rope and the multiple-wrap system, while American engineers, 
with few exceptions, have adopted four strand manilla rope and the 
continuous-wrap system. This diversity of practice, based on ex- 
tended experience in both cases, is difficult to reconcile or explain. 

An obvious advantage of the multiple-wrap system is that the 
ropes give out one at a time and, as the failure of a single rope does 
not cripple the system, delays due to failure are lessened. This is 
at least partially offset by the fact that ropes never fail without 
giving warning. An equally undoubted advantage of the continuous 
wrap system with its weighted idler is its flexibility as regards 
center distance, inclination from the horizontal, direction of rotation 
and the passage of obstructions by the use of guide pulleys. Ma- 
nilla rope is also most suitable for situations involving exposure to 
weather conditions or to dampness. 

The rival claims of cotton vs. manilla rope relate chiefly to cost 
and durability, regarding which no accurate data exist. Whatever 
the explanation, British engineers consider the superiority of cotton 
rope as proven beyond question. 

The Plymouth Cordage Co., who install both systems, consider 
the British system best when the driving and driven sheaves are of 
about equal diameters, the shafts enough out of the vertical to pre- 
vent the slack side from falling too much out of the sheave grooves, 
the shafts between go and 125 ft. apart, the load fairly uniform, the 
speed not excessive and the drive protected from the weather. In 
general, the multiple system inclines to the larger and the continuous 
system to the smaller installations. Cotton rope is, however, better 
for small interior drives which take the place of belts. 

The continuous system should generally be used when shafts are 
nearer together than 30 ft., as, in the multiple system, a small 
amount of stretch will so decrease the initial tension that the centrif- 
ugal force carries the rope out of its groove and quickly diminishes 
its driving capacity. 

With shallow grooves to avoid chafing due to the necessary side 
lead of the continuous system, sheaves may be run on to ft. centers 
while, without supporting idlers, the shafts may be placed as muchas 
150 ft. apart. With idlers the distance may be increased almost 
indefinitely. 

Rope drives up to 4000 h.p. capacity are in operation, drives of 
between 1000 and 2000 h.p. being fairly numerous. 

The comparative first cost of rope and belt drives, according to the 
Plymouth Cordage Co., may be determined by assuming the belt 
to cost about two and one-half times as much as manilla rope of 
equal capacity and the rope sheaves to cost about one-third more than 
belt pulleys—the advantage of ropes increasing with the distance 
between shafts. The average life of manilla rope of good proportions 
may be taken as eight years, the life of belts being materially longer. 

The most economical speed to run the rope, taking into consider- 
ation the first cost and durability, is given as about 4500 ft. per 
min. Lower speed increases the durability, while higher speed, 
within certain limits, reduces the first cost. 

The diameter of manilla ropes used in the United States for heavy 
drives ranges between 1 and 1?ins., while the speeds used run up to 
5000 ft. per min. The following charts and tables are from a 
paper on Rope Driving by C. W. Hunt (Trans. A. S. M. £., Vol. 12). 

The relative first cost of manilla rope as related to the speed may be 
obtained from Fig. 1, the cost of a rope running at 80 ft. per sec. 
being taken as 100. The first cost for other speeds is in proportion 


150 


I12 
per sec., its cost will be 5 of that for a speed of 80 it. 


The rule for the load to be carried by manilla ropes is that 
stress on the tight side in Ibs. shall be equal to 200 times the 
square of the diameter in ins. Table 1 gives the horse-power 
suitable for usual sizes of rope on this basis. ‘ 

The horse power including the effect of centrifugal force in relation 
to the speed is given in Fig. 2. 
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Ratio of First Cost 


30 50 60 
Speed of the Rope, Ft. per Sec. 


Fic. 1.—Relative first cost of rope at various speeds. 


The tension on the slack part of the rope, when transmitting the 
amount of power given in Table 1, may be obtained from Table 2. 
The use of this tension is in determining the weight to be applied } 
to the idler in order to obtain the necessary adhesion. 

The sag of the rope (drive horizontal) when transmitting the — 
amounts of power given in Table r may be obtained from Table 3. _ 


This sag is the same at all speeds for the driving part, but is variable 
for the slack part. 


ROPES 


: 40 
32 ay, 
2 | 
28 Iss — 40%, 
3 SH say 
Bd x RS} 3 
& SA _lSy | 
4 he Se Bess 
SS) 7 aKe] 
; 016 @. & x 
| RIS Bye 
ett S| gos® 
Sa ae oe 
8 3 
a 
4 
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 


Speed of Driving Rope, Ft, per Sec. 


Fic. 2.—Horse-power of Manilla rope, including the effect of cen- 
; ; trifugal force. 


TABLE 1.—HoORSE-POWER OF MANILLA ROPE 


Bian. Diam. of 
of Speed of the rope in ft. per min. smallest 
Rene pulley’ or 
oa idler in 

1500 |2000 2500| 3000 3500] 4000} 4500| 5000|6000/7000|8400 ins. 

3 Bets et Ol 2. ste2. 713.01 3.21 3.4) 3.4/3.2. | 2.2]! (0 20 

; aS ai Se Ol ae2l Aco!) 5 Ol 5.31 5:3] 4.9] 3:4] 0 24 

i Bsus sise 245.8) 0.7 7.21 7.9) 7.4| FE 4.0) 0 30 

t 4.5 | 5.9| 7.0| 8.2! 9.1} 9.8|/10.8!10.7| 9.3] 6.9] o 36 

I 5.8 | 7.7| 9.2/10.7/>1.9/12.8/13.6/13.7/12.5| 8.8] o 42 

1} 9.2 |12.1|14.3|16.8|18.6)20.0|21.2/21.4/19.5/13.8| o 54 

1% |13.1I |17.4/20.7/23.1/26.8/28.8/30.6/30.8|/28.2/19.8| 0 60 

IZ |18.0 |23.7|28.2/32.8/36.4139.2/41.5|41.8|37.4|27.6| 0 72 

a 2 23.2 |30.8|36.8|/42.8|47.6|51.2 54.4154.8 50.0135.2 oO 84 


_ TABLE 2—TENSION ON THE SLACK PART OF THE ROPE 


Diameter of the rope and pounds tension on 


Speed of rope in the slack rope 


ft. per sec. 

Vee eS ea ee See as 
20 Io | 27 | 40 | 54 7£ | DEO } TO2) || 226) |) 283 
30 14 | 29 | 42 | 56 TA} EDS | T70r|"226 | (206 
40 ry | 3E |) 45 | 60 FO} *£23" | DSi 240) | Sis 
50 16 | 33 | 49 | 65 85 | 132 | 195 | 259 | 339 
60 18 | 36 | 53 | 71 | 93 | 145 | 214 | 285 | 373 
70 19 | 39 | 59 | 78 | ror } 158 | 236 | 310 | 406 
80 : 2m | 43 | 64 | 85 ] rrr | 173 | 255 | 340 | 445 
90 24 | 48 | 70 | 93 I22 190 | 279 | 372 | 487 


TABLE 3.—SAG OF THE ROPE BETWEEN PULLEYS 


| Slack side of rope 
Driving rope : 
_ Distance between Ail epeeda 80 ft. per 60 ft. per 4o ft. per 
pulleys in ft. sec. sec. sec. 
Ft. Ins. Ft. | Ins. | Ft. {cies [anes | Ins 
‘ 40 te) 4 ° of te) 9 to) II 
. 60 to) 10 ¥ 5 I 8 I II 
80 I 5 2 4 I ro | 3 3 
100 2 ts) 3 8 4 5 5 2 
120 2 II 5 3 6 3 4 4 
140 3 10 7 | 2 8 9 9 9 
160 5 I 9 3 TINS 14 (0) 


Ordinary manilla rope should not be used. American manilla 
transmission rope is always laid up with internal lubricant whichis 
essential to long life. 
The cross-sections of rope sheaves used by the Plymouth Cordage 
Co. are shown in Figs. 3, 4 and 5. Fig. 3 shows the usual section, 
_ Fig. 4 being used to avoid side chafing when the sheaves are close 

together, under which circumstances the higher webs are not needed 
as there is no tendency for the rope to jump the grooves. Fig. 5 
_shows the section used for idler sheaves. 
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The diameter of sheaves for manilla rope should not be less than 40 
diameters of the rope. Cotton rope being more flexible, the sheaves 
for it may be smaller. The British rule for cotton-rope sheaves 
provides a minimum of 30 rope diameters. The same rule for di- 
ameters should be observed with idler as with driving sheaves, as it 
is the bending of the rope on the sheave that does the damage. 

For dimensions of rope sheave arms see Dimensions of Pulley 
Arms. 

The horse-power of cotton ropes, according to British practice, is 
given in Table 4 by Epwarp Kenyon (Trans. South Wales Ins. of 


Fics. 3 to 5.—Cross-sections of rope sheaves. 


Engrs., 1909). British practice with cotton ropes does not hesitate 
to adopt speeds of 7000 ft. per min., whereas American practice 
regards 5000 ft. as the economical limit with manilla ropes. Ac- 
cording to Mr. Kenyon, the angle between the driving faces of the 
groove should not exceed 4o deg. in order to prevent the rolling 
over of the ropesin their grooves which reduces their life at least one- 
third. 
For the efficiency of rope driving see below. 


Manilla Rope for Hoisting 


The proper working loads of hoisting rope, according to C. W. Hunt 


' (Trans. A. S. M. E., Vol. 23) are well settled by extended experience. 


Table 5 gives Mr. Hunt’s figures for the working loads and the sheave 
diameters under various conditions. The terms in the captions of 
the columns have the following meanings: 

Slow: Derrick, crane and quarry work; speed from 50 to 1oo ft. 
per min. 

Medium: Wharf and cargo hoisting; 150 to 300 ft. per min. 

Rapid: 400 to 800 ft. per min. See also end of section. 

The efficiency to be expected from hoisting blocks is given in Table 
6 from some experiments made by Robert Grimshaw and quoted 
by Mr. Hunt. The blocks experimented upon had a 6-fold pur- 
chase, the three upper sheaves having roller bearings and the three 
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TABLE 4.—HOoRSE-POWER OF THREE STRAND CoTTcN ROPES 


z Az | 14” | ry” | 
” “| Rope diameters.....------- | 

5 ” |r| 13” | x9 | 18" | 138” | | 2 | 2 J : 

Rope diameters. ............:- |x| x4 : s ; ais a 
‘ a a | 9) east a ee salen ; pl eae 
rat di x Bee alt 4 < Bes ee > ie ay a} 2 Minimum diameter 0 } © e 
Minimum diameter Re) = || © 2 alles a Bi smallest pulley....-.--- é 2 
GrigrolleNee cononu omGobeonono eS slg e/ 8,4 £ az = a 

e a loo ao] o | + a + 


Velocity in ft. per min. 


ity in ft. per min. 
Aaa igs s -9|20.7/25.1|30.4/35.3 


1000 3.3) 4.5) 5.1| 6.1] 7-4) 8.0) 20 (ar 5/ 23 eee his. claw uted what 
I100 3.6] 4.5] 5.6] 6.7] 8.1] 9.5] II |12.6/14.3 42 pes re fil oe 
1200 3.9| 4.9| 6.1] 7.3] 8.9/10.3| 12 |13.8/15.6 4300 elas Beg eg 
1300 4.2| 5.3| 6.6] 8 | 9.7|11.2] 13 |14.9|/16.9 4400 .5|22.7/27.5|/33.4/38.8 
1400 4.6] 5.7| 7.1| 8.6|10.4/12 14 |16 |18.3 4500 

2|28.1/34.2/39.6 
1§00 4.9| 6.1] 7.6] 9.2/11.1|12.9] 15 |17.2|19.6 4600 pee Pe are 
1600 5.2] 6.6] 8.1] 9.8]11.9|13.8| 16 |18.4|20.9 4700 slag alan as eee 
1700 Gold | 8.6|10.4/12.6/14.6] 17 |19.5|22.2 4800 dig te 1 ee 
1800 5.8] 7.4] 9.1/2 |13.4/15.5| 18 |20.7/23.5 4900 “des sad Ser eae 
1900 6.2| 7.8] 9.6/11.6|14.1|16.3] 19 |21.8/24.8 5000 2 
2000 6.5] 8.2/10.1|12.2|14.9|17.2| 20 |22.9|26.1 5100 pgs age rte 2 
2100 6.8] 8.6/10.6)12.8/15.6)18.1| 21 |24.1)27.4 5200 ‘Has dase 
2200 7.1| 9. |1r.1/13.4/16.3/18.9] 22 |25.3]/28.7 5300 es pee pet 
2300 7.5) 9.5|/11.6|14 |17.1/19.8] 23 |26.4/30 5400 a a 
2400 7.8| 9.9|12.1|14.7|17.8|20.7| 24 |27.6)31.3 5500 : : 
2500 8.1/10.3]/12.6]15.3]/18.5|21.5| 25 |28.7|/32.6 5600 ea eae 
2600 8.4]10.7|13.1/15.9|19.2|22.4| 26 |29.9/33-9 5700 eB d sil pes So 
2700 8.7|11.1|/13.6|16.5/20 |23.3| 27 |31 |35-2 5800 -9 ace rae png : 
2800 9.1/1r.5|14.1/17.1/20.8|24.1| 28 |32.2]/36.5 5900 -3/29. oe r. a 
2900 9.4/IL.9]/14.6]/17.7|21.5|25 29 133.3/37-8 6000 -7|30.3/30.7/44.0)51. 
3000 9.7/12.3]15.1|18.3/22.3}25.8| 30 |34.5/39.1 6100 er mk 
3100 Io |12.7/15.6/18.9|/23 |26.7| 31 |35.6/40.4 6200 -3/3 ee . 
3200 10. 4}13.2|16.2/19.6|23.8/27.6| 32 |36.8)41.8 6300 -9/31.8)3 i aoe 
3300 I0.7/13.6]16.7|20.2/24.6/28.4| 33 |37-9|43.1 6400 ee a =: 
3400 Il |14 |17.2/20.8/25.3/29.3|] 34 |39.1/44.4 6500 .8/32.9]/39.8/48.3/5 
3500 II.3/14.4/17.7|21.4|26 |30.1] 35 |40.2/45.7 6600 27.2|33.4|40.4/49 stg 
3600 I1.7|14.8|18.2/22 |26.7/31 36 |41.4|47 6700 27.6/33.9/41 |49. able Ps 
3700 I2 |15.2/18.7/22.6|/27.5/31.9| 37 |42.5]48.3 6800 28 34-4/41 .6}50.5/5 big 
3800 12.3]15.6/19.2/23.2/28.2/32.7] 38 |43.7|49.6 6900 28.4/34.9|42.2 51.3|59-4 690 
3900 I2.6/16 |19.7/23.8|29 133.6) 39 |44.8|50.9 7000 aa ae Lae Re 70 
4000 13 |16.4]20.2]24.5|20.7/34.5| 40 [46 |52.2 } | 


TABLE 5—WORKING LoADS FoR MANILLA HoIsTING ROPE 


Diameter Ultimate Working load, Minimum diameter of 
of rope, strength, lbs. sheaves, ins. 

ins. Ibs. Rapid|Medium| Slow | Rapid| Medium| Slow 
I 7,100 200 400} 1,000] 40 I2 8 
1} 9,000 250 500| 1,250| 45 I3 9 
1} II,000 300 600 I,500| 50 14 ro 
1% 13,400 380 750 1,900 55 15 Ir 
1} 15,800 450 900} 2,200] 60 16 I2 
1% 18,800 530 I,I00| 2,600] 65 r7 13 
1} 21,800 620 I,250| 3,000 70 18 14 


TABLE 6—EFFICIENCY OF BLocK AND FALL 

Theoretical exteh pawed 

Net load on tackle, | amount required | Actual power sontared Gone 
weight raised to raise the required ihe Sheereklen) 

net weight 

600 lbs. 100 lbs. 158 lbs. 58 lbs.|58 % 
800 lbs. 133.3 lbs. 108 lbs. 64.3 lbs.|48 % 
7,000 lbs. 166.7 lbs. 243 lbs. 76 = 1bs./45.8 % 
1,200 lbs. 200 lbs. 288 lbs. 88 Ibs.j44 % 


lower ones plain, solid bushings. The rope was 3 strand of 34-ins. cir- 
cumference. The sheaves were of 8 ins. diameter. 


Splicing Manilla Rope 


The following particulars regarding the splicing of rope and the 


various forms of knots are taken, by permission, from the publications 
of the C. W. Hunt Co. 


The splice in a transmission rope is not only the weakest part of the 
rope, but is the first to failwhen the ropeis worn out. If thespliceis 
not strong, the rope will fail by breakage or pulling out of the splice. 
If the rope is larger at the splice, the projecting parts will wear on the 
pulleys, and the rope fail from the cutting off of the strands. 

Do not put in a “short splice,” or an ordinary “long splice,” or 
get an old sailor to do the work, but have a handy man follow implic- 
itly the directions given herein for a splice in a four-strand rope. 

For splicing, add to the net length the following amount for making 
a splice: 


r in. diameter......... 12 ft. | 1} ins. diameter......... 18 ft. 
1} ins. diameter......... 14 ft. | 2 ins. diameter.......... 20 ft. 
1} ins. diameter. ....... 16 ft. | 


The splicing of a rj-in. rope is shown in Figs. 6 to 9. Begin by 
tieing a piece of twine, 9 and ro, around the rope to be spliced, about 
six feet from each end. Then unlay the strands of each end back to 
the twine. Butt the ropes together, and twist each corresponding 
pair of strands loosely, to keep them from being tangled, as shown in 
Fig. 6. 

The twine ro is now cut, and the strand 8 unlaid, and strand 7 care- 
fully laid in its place for a distance of four and a half feet from the 
junction. The strand 6 is next unlaid about one and a half feet, and © 
strand 5 laid in its place. The ends of the cores are now cut off so ; 
they just meet. Unlay strand x four and a half feet, laying strand i 
2inits place. Unlay strand 3 one and a half feet, laying in strand 4. } 
Cut all the strands off to a length of about twenty inches, for conven- | 


ience in manipulation, The rope now assumes the form shown in 

Fig. 7, with the meeting points of the strands three feet apart. 
Each pair of strands is successively subjected to the following 

operation: 

From the point of meeting of the strands 8 and 7, unlay each one 

three turns; split both the strands 8 and the strand 7 in halves as 

far back as they are now unlaid, and the end of each half strand 


Gi) 


Ty 


FIG. 9. 


Fics. 6 to 9.—Splicing Manilla rope. 


whipped with a small piece of twine. The half of the strand 7 is now 
laid in three turns, and the half of 8 also laid in three turns. The 
half strands now meet and are tied in a simple knot, 11, Fig. 8, 
making the rope at this point its original size. 

The rope is now opened with a marlin spike, and the half strand of 
> worked around the half strand of 8 by passing the end of the half 
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strand 7 through the rope, as shown in the engraving, drawn taut, and 
again worked around this half strand until it reaches the half strand 
13 that was laid not in. This half strand 13 is now split, and the 
half strand 7 drawn through the opening thus made, and then tucked 
under the two adjacent strands, as shown in Fig. 9. The other half 
of the strand 8 is now wound around the other half strand 7 in the 
same manner. After each pair of strands has been treated in this 
manner, the endsare cut off at 12, leaving them about four inches long. 
After a few days’ wear they will draw into the body of the rope or 
wear off, so that the locality of the splice can scarcely be detected. 


Knots 


A great number of knots have been devised, of which a few only 
are illustrated, but those selected are the most frequently used. In 
Fig. 10 they are shown open, or before being drawn taut, in order 


to show the position of the parts. The names usually given to them 
are: 


A. Bight of a rope. P. Flemish Loop. 
B. Simple or Overhand Knot. Q. Chain Knot, with toggle. 
C. Figure 8 Knot. R. Half-hitch. 
D. Double Knot. S. Timber-hitch. 
E. Boat Knot. T. Clove-hitch. 
F. Bowline, first step. U. Rolling-hitch. 
G. Bowline, second step. V. Timber-hitch and Half- 
H. Bowline completed. hitch. 
I. Square or Reef Knot. W. Blackwall-hitch. 
J. Sheet Bend or Weaver’s X. Fisherman’s Bend. 
Knot. Y. Round Turn and Half- 
K. Sheet Bend, with a toggle. hitch. 
L. Carrick Bend. Z. Wall Knot commenced. 
M. Stevedore Knot completed. | AA. Wall Knot completed. 
N. Stevedore Knot com- |} BB. Wall Knot Crown com- 
menced. menced. 
O. Slip Knot. CC. Wall Knot Crown com- 
pleted. 


The principle of a knot is that no two parts, which would move in 
the same direction if the rope were to slip, should lie alongside of and 
touch each other. 

The bowline is one of the most useful knots, it will not slip, and 
after being strained is easily untied. It should be tied with facility 
by every one who handles rope. Commence by making a bight in 
the rope, then put the end through the bight and under the standing 
part, as shown in G, then pass the end again through the bight, and 
haul tight. 

The square or reef knot must not be mistaken for the “granny”’ 
knot that slips under a strain. Knots 7, K, and M are easily untied 
after being under strain. The knot J is useful when the rope passes 
through an eye and is held by the knot, as it will not slip, and is easily 
untied after being strained. 

The timber hitch, S, looks as though it would give way, but it will 
not; the greater the strain the tighter it will hold. The wall knot 
looks complicated, but is easily made by proceeding as follows: 
Form a bight with strand 1, and pass the strand 2 around the end of 
it, and the strand 3 round the end of 2, and then through the bight of 
1, as shown in the engraving Z. Ilaul the ends taut when the ap- 
pearance is as shown in the engraving AA. The end of the strand 1 
is now laid over the center of the knot, strand 2 laid over 1, and 3 over 
2, when the end of 3 is passed through the bight of 1, as shown in 
the engraving BB. Haul all the strands taut, as shown in the engrav- 
ing CC. 

The efficiency of knots, as determined at the Massachusetts Insti- 
tute of Technology, is given in Table 7. The efficiency compares 
the strength of the knots with the full strength of the rope. 
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Wire Rope 


Standard wire rope for hoisting purposes is composed of 6 strands 
and a hemp center with 19 wires to the strand. Extra pliable 
hoisting rope is of two constructions, one composed of 8 strands and a 
hemp center with 19 wires to the strand and the other of 6 strands 
and a hemp center with 37 wires to the strand. Standard coarse laid 
rope for haulage is composed of 6 strands and a hemp center with 7 
wires to the strand. Ropes are made of Swedish iron, cast steel, 
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Fic. to.—Knots, hitches and bends. 


extra strong cast steel, plough steel and improved plough steel. 
Special tiller rope, hawsers, ship’s rigging rope, etc., are also made of 
them. Particulars may be obtained of the makers. 

Sweedish iron rope is soft, tough and pliable and is especially 
sdopted for passanger elevators and similar service where the ten- 
dency to abrasion is slight, the speed high, the loads moderate and the 
arrangement of the sheaves such as to produce severe bending stresses 
in the rope. Other materials are used when it is desired to obtain in- 
creased strength or security without increasing the diameter. Cast- 
steel rope is used for general hoisting. Coarse laid rope is much 
stiffer than standard hoisting rope and requires larger sheaves. A 
higher factor of safety should be used as the breaking of one or two 
wires materially reduces the strength. Tables 8-11 give the par- 
ticulars of the leading brands as made by the John A. Roebling’s 
Sons Co. and bring out clearly the progressive increase of strength. 
The diameter of a wire rope is that of a true circle enclosing the rope. 

See also the end of this section. 


Splicing Wire Rope 


Wire rope is susceptible of almost perfect splicing and the opera- 
tion is so simple that it may be learned in an hour by any mechanic 
who is at all skillful in the use of ordinary tools. For all kinds of 


transmission rope the long splice is used and should not be less than 


16 ft. in length for } in. rope and increasing to 30 ft. for the 


larger sizes. 


Where the splicing must be done in posi 
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TABLE 7.—EFFICIENCY OF KNOTS 


tion, rope blocks are used 


Timber Rope dry, 
Eye- hitch, | Bowline ssp Flemish | average of 
splice Short round slip en loop, four tests 
overan |splicein| turn, knot, iat over- from the 
iron the and clove aS hand same coil 
thimble rope half- hitch ian knot as the 
hitch knots 
are 
90 80 65 60 50 45 100 


to draw the wire rope taut, as in Fig. 11, care being taken to make 
fast far enough from the ends to leave plenty of room for the splice 
and the men who make it. If possible, it is better to hold the rope 
taut, mark the splice on both ends, by securely winding with No. 20 
annealed-iron wire, throw it off the sheaves and make the splice on 
the floor or staging, as may be most convenient. 

The strands of both ends are unlaid, back to the points wound 
with wire, the hemp core cut off and the ends brought together with 
the strands interlaced, Fig. 12. Any strand, as a, is unlaid and 
closely followed by the corresponding strand 1 of the other end of 
the rope which is pressed closely into the groove left by the unlaid 
strand. The unwinding of one strand and the inwinding of the other 
are continued until all but about 12 ins. of strand are inlaid, when 
a is cut off at the same length with a sharp chisel. See Fig. 13. 
Strands 4 and d are next treated in the same way and the process 
is repeated with each pair of strands until all are laid and cut as in 
Fig. 14. 

Around each point where the free strands cross, a few turns of 
stout twine are made and the length of the splice is bent and worked 
in all directions until the tension in all the strands is equal and the 
rope as flexible there as elsewhere. If this is not done and there is 
more tension in some of the strands than in others when a stress is 
put on the rope, these strands will pull into the rope, making a bad- 
looking and weak splice. 

Next, the open or free ends of the 12 strands are carefully trimmed 
and served or wound with fine wire, and two rope and stick clamps, 
Fig. 15, are secured to the rope, one on each side of an end crossing, 
as in Fig. 18, for the purpose of aiding in tucking the strand ends 
into the middle of the rope. 

There are two ways of tucking in these ends. They are first 
straightened with a mallet. The long ends of the rope-clamp handles 
are twisted in opposite directions, separating the strands and exposing 
the hemp core, which is cut off and pulled out between the points 
to where the tucked-in strands will reach and the ends forced into 
the place formerly occupied by the core. 

This is most easily done with the aid of a marine spike, which is 
passed over the strand which is to be tucked and under two strands 
of the rope, Fig. 16, and moved along the rope spirally following the 
lay and forcing the free end into the core space, Fig. 17. 

In the other method the strands are more widely separated by 
untwisting the rope with the clamps, Fig. 10, slipping the free end 
in between the strands and correcting slight kinks by the use of a 
mallet. 

The order in which the ends are tucked in is immaterial. Some 
operators prefer to tuck all the ends pointing in one direction before 
any of those pointing the opposite way, while others finish each pair 
of ends in series. 

If the foregoing directions are intelligently followed the splice will 
be uniform with the rest of the rope, of nearly equal strength through- 
out, and after a few hours’ use it will be almost impossible to detect 
the splice. (F. L. Jonnson Power, Jan. 30, TQT2). 
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The deflection of the shaft 


longitudinal rods A, Fig. 22, are put in. 


is considerable, 
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than x1 on bottom. This deflection also causes the weight to come 
entirely on the edges of the bearings nearest to the drum. 


erecting the drum, rods A are first put in place 


so adjusted as to make the faces BB 
bearings e¢ level. 


, 1899) 
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The customary practice with such drums 


ing dimensions, by the Nordberg Mfg. 
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, and their tension is 
22, perfectly parallel and 
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Fig. 20. 
have a number of spiders, four or five 
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different points of the shaft 
These drums are, however, of consider- 


ffness, and the long shafts, instead of sup- 
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Fig. 
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ing the drum. 


for support 


Then the drum shell is put in place, and lastly the 


i 


should be supported by the drum. 


able length and great st 
porting the drum, 


diagonal tension rods are so adjusted as to take out the deflection 


in center of shaft, as shown by d, Fig. 22. 


The drum 


ders only, one at each end, the shaft being 
ion rods from the shell of the drum. The detail 


The shell and spiders 


i 


shown rests on two sp 
supported by tens 


are of abundant strength to transmit the whole power of the engines. 


mounted on shafts inside the drum, for 
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end 


There is a reel on each 
taking up the slack rope. 
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shows plainly the mode of construc- 


drawing of the drum, Fig. 20, 
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Fic. 20.—Nordberg construction of large hoisting drums. 
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Fics. 21 and 22.—Method of erecting the hoisting drum 
shown in Fig. 20. 


Durability of Wire Rope 


The durability of wire ropes formed the subject of a paper by DANIEL 
Apamson (Proc. I. M. E. 1912) from which the following is taken. 

If the wires are too large they are stressed considerably when pas- 
ing over the pulleys, and accordingly the material is quickly fatigued 
and the wires break. Smaller wires, on the other hand, are more 
quickly worn through by rubbing against the pulleys and against 
their neighbors in the body of the rope. 


\\ 
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Investigations of the durability to be expected from consideration 
of working stresses lead to calculated results that are never experi- 
enced and that cannot reasonably be expected, and it must be taken 
for granted that abrasion is the principal factor in limiting the life 
of wire ropes. 

Comparing two ropes of equal size, one from wires half the diameter 
of the other, when the rope of finer wires is passing over the pulley, 
there being four times as many wires in it, the pressure at each point 
of contact between the rope and the pulley and beween the individual 
wires of the rope may be assumed to be one-quarter of what it is 
in the rope of larger wires. The wires being of half the diameter 
the damage done to them by contact, even under this lower pressure, 
will be at least half as much as occurs to the coarser wires in the other 
rope, and this half damage done to a wire of one-quarter the sectional 
area will result in the cutting through of the wire in half the time, so | 
that the effect of abrasion upon the rope of finer wires will be twice as 7 
great. Ifa smaller pulley be used for the rope of finer wires, as sug- | 
gested by some authorities, the pressure at the points of contact and © 
the stress due to bending will be proportionately increased, so that 
it may reasonably be expected.that with a pulley diameter bearing _ 
the same proportion to the diameter of the wires, the life of the rope 
with fine wires will be one-quarter of that of the rope of coarser wires 
working over a pulley of correspondingly increased diameter. 

Mr. Adamson quotes from experiments by A. S. BiGGART (Proc. 

I. C. E., Vol. tor) on apparatus consisting of two pulleys around which 
the rope under trial was passed, the lower pulley being weighted to 
give the required tension on the rope which was passed, under a nor- 
mal working load, to and fro over the pulleys until breakage ensued. 
Experiments were repeated with different diameters of pulleys and 
different makes of rope. 


(Continued on page 158, first column) 
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7 “a ° 84 - 4 ae : .30 hr | pe) I} 
tt 4 2.45 69 14 5 e a ag 6.75 | 1-35 1 
i t 15 4.50 | 9 th 
Wa cia Se A a : 
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Cast Steel 
Aue 4 Approxi- Proper i 
Approx: aupror mate working ee 
Diameter, mate cir- mate strength, | load: tone * ce 
ins, ’ | cumfer- weight Cee Ge aon ae pe es . 
ence, ins. |per ft., lbs. Sao ThE. lbs. advise 
1} 4t 3.19 58 11.6 3-75 
1} 4t 2.70 51 TOn2 a5 
1} 4 2.20 42 8.4 EAB) 
1} 33 1.80 34 6.8 2.83 
I 3 1.42 26 je} 235 
t 23 1.08 20 4 2,16 
2 2h .80 I5.3 3.06 1.83 
£ 2 .56 10.9 2.18 1.75 
ve 1 .45 8.7 1.74 1.5 
3 13 +35 7.3 1.46 1.33 
qs th 27 4) ret4 1.16 
3 14 -20 Are 84 
te I +13 2.75 +55 -83 
z 2 09 1.80 -36 °75 
Extra Strong Cast Steel 
Approxi- | Approxi- eatin ee Diameter of 
; ma 
Diameter, mate cir- mate Mrength, toad, tons drum or 
ins cumfer- weight sheave in ft. 
3 5 ft.. lb tons of of 2000 gaia se 
ence, ins. | perft., lbs. Caan ee 
1} 4% 3-19 66 13 eis 
13 4% 2.70 57 II 3.5 
163 4 2.20 47 9.4 3.2 
14 33 I.80 38 7.6 2.83 
I 3 1.42 29.7 5.9 Bas 
t 2% 1.08 23 4.6 2.16 
3 2h .80 17.6 B05 1.83 
Hy 2 56 EA! ee 1.75 
vs 1} 45 10.1 2 E.5 
4 14 35 8 1.6 133 
vs 1t m2 6.30 1.26 Tr6 
t it 20 4.66 .93 I 
vr I 13 3.05 -61 .83 
+ i 09 2.02 -40 .75 


The effect of oiling the ropes was found to be very beneficial, in- 
creasing the life of a given rope by two or three times. Experiments 
were also made to ascertain the effect on the life of a rope of running 
it over pulleys so arranged that the rope was subjected to reverse 
stresses, Fig. 23. The results obtained from this series of experiments 
showed that, generally, the life of a rope working under such conditions 
was only one-half as long as a similar rope bent in one direction only. 

The experiments show that when the first wire breaks, the rope may 
be assumed to have passed through one-half of its life, and as no one 
knowingly works a rope until it breaks entirely, then the breakage 
of even a few wires is a sign that a rope shouldbe carefully watched 
and replaced by a new one at an early opportunity. 

The effect of varying the proportions of diameter of pulley to 
diameter of rope is one of the most important features to be noticed. 
Speaking generally, Mr. Biggart’s experiments show that increasing 
the diameter of the pulleys by an amount equal to two circumferences 
of the rope will double the life of the rope. This is approximately 
correct for all the varieties of rope and conditions experimented with, 
and may therefore be taken as equally correct for all the varying 
conditions under which cranes are worked. It is very remarkable 
that so simple a rule should evolve from such numerous and varied 
experiemnts. 

These conclusions enable one to express a definite value for the 
effect upon the durability of ropes, of the various arrangements of pul- 
leys that are commonly adopted in everhead cranes, some of which are 
illustrated in Figs. 24 to 30. Assuming that Fig. 25, in which the ropes 
make three bends in working, namely, one at the upper drum and one 
on each side of the lower pulley, i.e., at entering and leaving, is the 


Plough Steel 


TOXi- ee 
Approxi- | Approxi- he es eiindiuat [Diameter of ee 
Diameter, mate cir- mate Pee, eS ee drum | BS 
ins. cumfer- weight c f Ges sheave in ft. 
i hanes ie advised 
ence, ins. |per ft., Ibs- Pete the: 
1} 43 3-19 74 14.8 3-95 
1} 4% 2.70 64 12.8 oe 
1} 4 2.20 52 10.4 3.2 
1} 3} 1.80 43 8.6 2.83 
I 3 I.42 33 6.6 +. 
t 2i 1.08 26 5-2 2.16 
§ 2h 80 20 4 1.83 
§ 2 -56 14 2.8 5-95 
vs 1% +45 11.6 2.32 1.50 
bi 1} -35 8.7 1.74 1.33 
ye 1} .27 6.90 | 1.38 1.16 
t tt .20 5.12 1.02 I 
ts I -13 3.35 | -67 83 
+ i -09 2.25 -45 75 
area Plough Steel 
| Approxi- | Approxi- oper been Diameterof 
i drum or 
Diameter, mate cir- mate strengths, [ideas Somes ‘ 
ins. cumfer- weight sheave in ft. 
> tons of of 2000 ones 
erence, ins.| per ft., Ibs. EE hice econ ay ones vised 
14 43 3-19 80 16 er es ae mee ees er 3-95 
1} 4% 2.70 68 13 | 3-5 
1} 4 2.20 56 II a8 
It 34 1.80 46 : 9.2 2.83 
I 3 1.42 36 y ee 2.5 
i 2i 1.08 28 5.6 2.15 
3 2k .80 22 4-4 1.83 
4 2 -56 15 3 1.75 
vs 1? -45 12 Siar 7.5 
ere ee a Se ee 


TABLE 12.—COMPARISON OF ANTICIPATED LENGTH OF LIFE OF 
Ropes ARRANGED AS SHOWN IN FIGs. 5 TO 11 


Fig. No. | Number of bends | Relative life of rope 
24 | I 300 
25 3 I00 
26 he 75 
27 7 43 
28 II 27 
29 " 373 
30 siete 25 


1Including one reverse bend which is twice as effective in wearing out 
the rope. 
TABLE 13.—REQUIRED INCREASE IN DIAMETERS OF Rope Drums 
(MEASURED IN TERMS OF CIRCUMFERENCE OF Rope) RE- 
QUIRED TO GIvE EQuaL DURABILITY 


Fig. No. Increase over diameter called for by Fig. 25 
26 t circumference of rope 
27 24 circumferences of rope 
28 4 circumferences of rope 
20 3 circumferences of rope 
30 4 circumferences of rope 


arrangement most frequently adopted in practice, and representing 
the anticipated life of the rope under these conditions by too, then 
the relative lives of the ropes in each of the other arrangements in- 
dicated will be shown in Table r2. 

If it be desired to design each of the above arrangements of pulleys 
so that the ropes shall have equal durability, then the ratio of the 
drum diameters to rope circumferance (if the law mentioned above 
is to be relied upon) must be increased, as shown in Table 1 3. 

(Continued on page 160, second column) 
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TABLE to. E. : : 
EXTRA ss nua HOISTING Ropes Composep oF 6 STRANDS AND A Hemp CENTER WITH 37 WIRES TO THE STRAND 
ast Steel Plough Steel 


ee eee ea Tee a ee SE A ee 


aston |Paetod Approxi- | Proper ; i 
; vt } D : , Approxi- Prope ; 
Diameter, | mate cir- mate eee working pene: o Dp PPpIOn S| FADE ses): mate Be Diameter of 
= apne Rs ce strength, | load, tons a or iameter, mate cir- mate ‘ 8 drum or 
: | sheave in ft. . ins. fer- i strength, | load, tons i 
Benetine Werte aie warageate al oawn phe cumfer, weight Sn f sheave in ft. 
5 aeeIOS: The advised ence, ins. |per ft., lbs. cerns o te advised 
a 2 si: Il.95 200 7 
hs 2} 7; 9.85 | 160 Seas. at 8% 11.05 | 265 eta Mie 
2% 7 8 125 ey lounge lta a4 ba 9.85 | 214 A547 ere te 
By | lec actor 2} 1% 8 175 
2 64 ree Lo a 1 eg eee, SOs 
YW ey Loan S ar ae Ss a 6} 6.30 130 D6 a4. Ree 
eA | POR IE TI Or in am lee ets RR 1} 54 4.85 108 PPI teligiononob en 
iy. 5 Tet I 
“e 5 Sat A BA loisferarste esr. : tf 5 4.15 90 TB = evs racaseeys 
13 4t 3 : ‘s a ch ‘ 3.55 56 16 3°75 
a : ° 55 IL 3.5 1} 4t 3 68 14 B55 
a be 45 45 9 3.2 1} 4 2.45 55 II 3.2 
L 2 34 7 2.83 1t 3 
3 2 44 9 2.83 
I 3 1.58 20 6 2 
ais i 
7 2} I.20 23 5 2.16 } x oe 7 : Sy 
i at .89 17.5 3.5 8 rl i “he ee 
1.83 i 2h 8 
H iy 9 21 4 1.83 
Z 2 é it. 2 ana 7s 4 a .62 14 3 a7 
i i -50 1.9 a5 i 14 .50 TTS 223 Tas 
3 1} -39 7.25 r.48 I ra 
“ - : -33 3 1} -39 9.25 1.85 1.33 
T * .30 5.5 tT I.16 oc} t} .30 7,2 I.4 Fare 
722 4.2 84 I 3 14 122 ed I 
Extra Strong Cast Steel Improved Plough Steel 
eee ta oe Approxi- Proper 2 : Approxi- P 
a fee = Tay oe wenikie pias of _ Approxi- Approxi- pik ra 5 ee ae Diameter of 
: , - tum or iameter, mate cir- mate 
ane, no ae weight strength, | load, tons Sheawe ger ‘oe f : strength, | load, tons dram 8 
Rese (rite the tons of of 2000 a ised 2 : peared weighs tons of of 2000 sheawergst ft 
; : eg advise: ence, ins. ee . i 
: 2000 lbs. Ibs. ens) pes ahs, Tbs 2000 lbs. lbs. aoe 
27 3 II.905 233 Aye © kee 2} 8s II.95 278 BSc | Wiliawasvee eae eeiere 
i 7 9.85 187 Eee. Wtosta coscood 2} qt 9.85 225 AS he tuaeurtdeatstae 
ut 8 I50 BOC ge dhs situs sues ‘ 2} 74 8 184 ky a Ree enters. 
4 Ee 6.30 Fey BSP mS hllorcecayete avers veya 2 6}t 6.30 137 2 oy ther eee ate 
1} 53 4.85 95 TO iw CU etoteis avs es ri 5} 4.85 II3 23) Aiereareety oceans 
+ = ATS 79 TOe we kets the areiousce 1} 5 4.15 95 TO. ll terevatvoupereiers 
i at 3-55 71 14 3.75 1} 4% 3.55 84 17 3-75 
j 4% 3 61 12 3.5 13% 4% 3 71 14 3.50 
at 4 2.45 50 10 3.20 1} 4 2.45 58 II 3.20 
1 
I 3% 2 39 8 2.83 1} 37 2 46 9.2 2.83 
| 
I 3 758%) 32 6.4 2.5 I 3 1.58 37 Vf 
F 4! 2.50 
i 24 i .20 25 5 2.16 t ae 1.20 29 5.8 2.16 
; 2k Se 19 : 3.8 1.83 i 2} 89 23 4.6 1.83 
2 62 ED 2.45 1.7 2 6 : 
vs 1? .50 10.5 paket ma A 1% i. aes ae ao 
: a 18 39 8.25 1.65 1533 4 I} 39 9.75 1.9 L.33 
ra tt 30 6.35 27 1.16 i 1} .30 7.50 ras | 5s 
3 1} 22 4.65 93 I 3 Ig 22 5.30 1. 06 I 
f 
Three Bends, ij 
One Bend Three Bends One Reverse 
* F Biels eae. Seven Bends 
IG. 23 IG. 24 + 25 : Fic, 27 


Eleven Eends Seven Bends, Eleven Bends, Three Bends, 
Bia. 2s One Reverse One Reverse Large Bottom Pulleys 
‘ Fic. 29 Fic, 30 Fic.'31 


Fics. 23 to 31.—Various arrangements of wire ropes on cranes. 
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TABLE 11—STANDARD Coarse LAID ROPE FOR HAULAGE AN 
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Swedish Iron 


p TRANSMISSION COMPOSED OF 6 STRANDS AND A Hemp CENTER WITH 7 Ww: 
TO THE STRAND 


Extra Strong Cast Steel 


= - ; Approxi- Proper e S 
i Approxi- Proper | piameter of Approxi- | Approxi- mate working ae é 
Approxi- | Approxi- mate working akatssa Gye mate cir- mate feucth. ond) tons of drum ory 
A mate cir- coare trength, | load, tons . Diameter, ins. mfer- weight | *“° sheave in ft. 
Diameter, ins. | fer. | weight fit " f x000 | sheave in ft. CRE ft. tbs.| O25 of tons of es 
z ons 0 of 2 ; ence, ins. | per ft. lbs. vised 
ence, ins. |per ft., lbs. mone HA: lbs. advised 2000 lbs. | 2000 lbs. ie 
I 4% 355 73 14.6 Ir 
tr} 43 255 32 6.4 16 H a 3 63 12.6 ro 
Ik 43 3 28 5.6 15 ik iy 2.45 54 10.8 9, 
1} 4 2.45 23 4.6 13 } 3 43 8.6 8 
uy 3h 2 19 a8 a Si 1.58 35 7 7 
I 3 1.58 I5 3 10} E 3 as 
~ 
6 
t 22 1.20 28 5.6 
fe 2t 1.20 I2 2.4 9 H ok 89 ae 40% 5 
Ft 2h .80 8.8 1.7 "5 
1.5 7h BR 24 75 16.7 3-3 4i 
. a os a ae Ge g 2 62 I4.5 2.9 4b 
2 : % 2 2.2 
5 13 .50 4.8 96 6 ¥ 12 -50 II 4A 
5 15 39 3-7 -74 53 3 Iz +39 8.85 1.8 33 
t) 2.6 52 44 we 14 236 6.25 1.25 3 
% ut = : ; z 14 .22 5.25 1.05 2i 
Fa tt .22 2.2 -44 4 : 
ts I rs Lay -34 34 is I 15 3.95 -79 : 
= t nn25 1.2 24 3 % 5 clei a = : 
Cast Steel Plough Steel 
: i- " E Approxi- Proper P 
Approxi- | Approxi- LE oe Diameter of Approxi- | Approxi- aise chiens Diameter 
mate cir- mate mate nes drum or a ; mate cir- mate Meongth, Miied, tone of drum or, 
Diameter, ins. ere woleht strength, | load, tons Wicca Ge: Diameter, ins. ee mie : . : cheawera fel 
ins eee Ree |) oe Be ey ee ence, ins. |per ft., Ibs.| “OMS | OF 2000 | saviced 
Sea Sona te ales Goo tbeet| +2 000s1bS: : 2000 Ibs. Ibs. 
1} 4t Bass 63 6 1} 4a) |. bates 82 16.4 ) II 
13 4t 3 53 20 13 4} / 3 72 ) 14.4 10 
ri 4 2.45 46 9.2 1} 4 | as 60 ; 12 9 
V is 32 2 37 7-4 1% 33 | 2 47 9.4 8 
I 3 Tape 31 6.2 a I 3 } 4.58 38 7.6 T 
t 24 I.20 24 4.8 6 ; 22 1.20 31 6.2 6 
4 ah 89 18.6 oa 5 3 2i 890 : 23 4.6 5 
a 2% ons 15.4 3 3 # 23 75 18 3.6 4? 
§ 2 .62 13 2.6 44 $ 2 | .62 16 3.2 4} 
3 13 .50 10 2 4 i 13 ; 50 12 2.4 4 
! ’ 
$ 1} -39 TT to 33 3 1} -39 10 3% 
is 1} -30 5-5 Test 3 Te 1} -30 7 4 3 
3 1} 122 4.6 .92 2% 3 1} 22 5.9 ) 1.2 2? 
is I nes 3.5 .70 2} Ys I 15 a4 .88 2} 
2; t 124 aS .50 1? ns t .125 a es | -68 ri 
It is quite usual for purchasers to specify in their inquiries that the 
q Pp pecity q 
Improved Plough Steel diameters of the pulleys and drums must bear a certain relation to 
= the diameter of the rope, but this stipulation is not sufficient in itself 
Approxi- | Approxi- te eo Diameter without some consideration being also given to the arrangement of 
Diameter, ins. tate pit. ae strength, | load inne ie coum oN the rope and pulleys. 
ee oe tons of | of 2000 cep eaks ay If the generally accepted ratio of seven circumferences, or twenty- 
; ”__}_ 2000 Ibs. UDB Bh ee“ two diameters, of the rope for the diameter of the barrel be assumed as 
1} 4} 3.55 90 18 II suitable for the drum and pulleys as in Fig. 25, then the diameters 
2 i : an 2 c for the other figures, to give equal durability, should be as shown in 
1} 3h 2 52 10 8 Table r4. : 
I 3 mass 42 8.4 7 To make the comparisons quite fair between the different arrange- 
: : ; : ments it must now be pointed out that, owing to the increased number 
2 I.20 33 6, * xs « 
i ae ae 7 ; ; : of falls of rope adopted in Figs. 27 and 20, the size of the rope may be 
vr at 75 Ba 4 4a reduced as shown in Table rs while retaining the same factor of 
5 2 62 174 3.6 4} safety. 
ts ri .50 13 2.6 4 Combining the figures given in Tables 14 and 1 5 will give drum and 
3 1} .39 II ave x pulley diameters as shown in Table 16. 
as rh .30 74 s 3 The noticeable feature in the last table is that whether two, four, 
FY tf ‘os a 3 2h or six falls are adopted, the diameter of the drum and pulleys should 
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TaBLE 14.—Ratio oF DiamMEeTER oF PuLLEYs AND Drums 10 


TaBLE 16.—DRuUM AND PuLLEY DIAMETERS RESULTING FROM A 
CIRCUMFERENCE OF Rope To Give Equal DURABILITY 


CoMBINATION OF TABLES I4 AND 15, AND STILL AssuMING THAT 


Fig. No. Ratio of pulley and Aaa taehee ko 100 REPRESENTS THE CONDITION IN FIG. 25 
vk rope circumference = 
24 4tor Bane serulley and F 3 Resultant pulley 
oe ca Fiz. drum diameter to | Relative circum- PAE ence Ere, 
oe vee No, | TOPe circumference ference of rope as pumas 
a7 | wera? according to per Table 15 Higisce sco 
28 | nae Table 14 
29 soto 24 4 140 80 
3C irtor 25 7 100 pele) 
26 8 100 114 
TABLE 15.—RELATIVE ROPE CIRCUMFERENCE ALLOWING FOR 27 93 79° 95 
SMALLER Ropes Dur To IncrraseD NuMBER OF FALLS 28 II 57 go 
Fig. No. | Number of falls Relative rope circumference fe Pas iS on 
30 II 87 90 
24 2 140 
25 4 100 
26 4 100 
27 8 70 because to do so affects the ratio of the gearing and also requires a 
28 12 57 much larger framework with a correspondingly greatly increased 
29 8 70 cost of manufacture, but if it is agreed, as a result of Mr. Biggart’s 
30 12 57 experiments, that increasing the diameter of the pulley, over which a 


remain about the same if the ropes are to have equal durability (com- 
pare Figs. 27 and 28 with Fig. 25). It is clear that very large pro- 
portions are necessary to insure a reasonable life for ropes on cranes 
with many falls of rope. Reference to Fig. 26 and Fig. 29 in Table 
16 shows the increase that should be made in the diameter of the drum 
and pulleys if a reverse bend occurs in the run of the rope. 

In Fig. 25, as already mentioned, the ropes make two bends at the 
lower pulleys to one at the drum, and therefore, if the lower pulleys 
are made of the same diameter as the drum, they will be responsible 
for two-thirds of the wear and tear of the rope. It is usually difficult 
to increase the diameter of the working barrel or drum of a crane, 
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loaded rope passes, by an amount equal to twice the circumference 
of the rope, reduces the evil effects of bending the rope round it to 
one-half, then a simple means of improving the durability of crane 
ropes is immediately at the disposal of the designer, namely, to in- 
crease the diameter of the pulleys in the blocks, leaving the drums of 
the original size, as indicated by Fig. 31. This alteration can usually 
be effected without serious alteration of the design, and may even be 
carried out on existing cranes. 

The result of increasing the diameter of the pulleys, as shown by 
Fig. 31, by an amount equal to two circumferences of the rope, will 
be that the effect of the double bend around the lower pulley is 
halved, and the resultant effect of the three bends will be equal to 
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Fic. 32.—Arrangements of rope drives in efficiency tests. 
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Fic. 33.—Efficiencies of American and British systems of rope driving. 


two only and the relative life of the rope will be increased by 50 per 
cent., or the drum diameter might be reduced by an amount equal 
to 1.2 times the circumference of the rope with a corresponding 
reduction in the size of the framework of the crab or winch, while 
still retaining a relative life for the rope equal to Fig. 25. In this case 
the diameter of the lower pulleys would only require to be about one 
circumference of the rope larger than the original size of Fig. 25. 

In making the foregoing comparisons of diameters of drum and 
pulleys with different arrangements of rope it has been assumed that 
the hook is raised to the full height available at each lift. This, 
however, is not the case in actual practice, the majority of loads 
not being raised one-half this height. 

This consideration brings to light another great advantage of 
Fig. 31 as compared with any of the others. Where, as is usually 
the case, the average height of lift in a shop does not reach half the 
maximum available, then that portion of the rope which passes under 


the lower pulley does not reach the upper drum, and accordingly is 
only subject to the wearing action of the two bends at the lower 
pulley. If, therefore, the effect of the bends at the lower pulley is 
reduced to one-half, by the proposed increase in diameter of the 
pulley, then the actual life of the rope will be doubled, instead of 
only being increased by 50 per cent. as was first assumed. 

Where there are more than two falls of rope, as in Figs. 27 and 28, 
the effect of increasing the diameter of the pulleys by an amount 
equal to two circumferences of the rope is also very marked, re- 
ducing the effect of the seven bends in Fig. 27 to four and a half, 
with corresponding increase in the lift of the ropes. This shows up 
the fault of those designers who adopt large drums (in order to ob- 

tain the great length of rope entailed by high lifts) and are yet con- 

tent to make the pulleys of small sizes, when they could enormously 
increase the durability of the rope by the adoption of larger pulleys 
at little extra cost. 
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Fic. 34.—Various data from rope-drive efficiency tests. 


When the-rope makes a reverse bend at the barrel, as in Figs. 26 
29 and 30, the barrel ought to be increased in diameter to counter- 
act the effect of the reverse bend. Thus, if in each of these cases 


_ the diameter of the drums were made larger by an amount equal to 


two circumferences of the rope, the durability of the rope would be 
equal to Figs, 25, 27 and 29 respectively. 
The “lay” of the strands and the lubrication of the rope when in 
use have each a considerable effect upon durability, Mr. Biggart’s 
experiments showed Lang’s lay ropes to have more than double 
_ the life of those of ordinary lay, and ropes that are oiled last more 
than twice as long as when this precaution is neglected, as already 
mentioned. The superiority shown by Lang’s lay naturally gives 
rise to the question as to why it is not exclusively used. The ex- 
_. planation given by rope makers is that such ropes must be very 
carefully handled to avoid “kinks,” and also they are found to be 
more liable to “‘spin.” 


Efficiency of Rope Driving 


Very complete tests of the efficiency of rope driving were made by 
BE. H. Ahara at the works of the Dodge Mfg. Co. (Journal A.S.M.E., 
Aug. 1913). Both the British and American systems were tested 
and in each case the open and the up and over arrangements were 
included, the meaning of these terms being sufficiently explained by 

_ Fig. 32, which illustrates the constructions tested. The losses of 
the motor, jack shaft and intermediate drive were eliminated by 
taking preliminary readings from the prony brake applied to the jack 
shaft under all the various loads and speeds. One-inch manilla rope 
was used in all the tests. All bearings were of the ring-oiled babbitted 
type. 

The results of the tests are shown in Figs. 33 and 34. Most of the 
charts are self-explanatory, but, regarding the one relating to exact 
and differential drives, it should be explained that in the former 
the grooves of any one sheave were as nearly as possible of the same 
diameter, while in the latter the diameter of each groove was approx- 
imately #; in. less than the preceeding groove, the eighth groove 
being 2 in. smaller in diameter than the first one. The limitation 
of the tests of the British system to 112 ft. center distance was due 
to the dragging of the slack ropes on the ground when that distance 
was exceeded. 

The loading of hoisting slings of manilla rope as recommended by 
the National Founders Association is shown in Table 17 which gives 
the load for each single rope of the best long-fiber grade. 


TABLE 17.—SAFE LoapDs or MAnitra Roper Hotstinc Sines, Ls. 


When handling molten metal the rope should be 25 per cent. stronger 
than these figures 


Dia., Cire, 

on aon hei y oO NK | BON 
34 I 120 100 85 60 
1g 114 250 210 175 125 
58 2 360 300 250 180 
34 24 520 440 360 260 
48 234 620 520 | 420 300 
I 3 750 625 525 375 
118 344 1000 850 700 500 
114 334 1200 1025 850 600 
114 444 1600 1350 1100 800 
134 544 2100 1800 1500 1050 
2 6 2800 2400 2000 1400 
24 7 4000 3400 2800 2000 
3 9 6000 5100 4200 3000 


The loading of hoisting slings of wire rope as recommended by the 
National Founders Association is shown in Table 18 which gives the 
load for each single rope of plow steel grade having six strands of 
nineteen or thirty-seven wires. For crucible steel rope the loads 
should be reduced one-fifth. 


TABLE 18.—SAFE LOADS OF WIRE Rope HoistInc SLINGS, LBs. 


When handling molten metal the rope should be 25 per cent. stronger 
than these figures 


Dia., 

ins. pos. 
34 1,500 1,275 1,050 750 
16 2,400 2,050 1,700 1,200 
54 4,000 3,400 2,800 2,000 
34 6,000 5,100 4,200 3,000 
1 8,000 6,800 5,600 4,006 
I 10,000 8,500 7,000 5,006 
14 13,000 11,000 9,000 6,500 
134 16,000 13,500 11,000 8,000 
134 19,000 16,000 13,000 9,500 
14 22,000 19,000 16,000 11,000 
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The leading types of chains used for power transmission are shown 
in Figs. x to 9, while Table 1 by H. E. Haywarp, engineer of 
experiments and tests, Link Belt Co. (Amer. Mach., Aug. 28, Sept. 4, 
1913 ) gives the uses to which they are put and the limiting speeds 
under which they should run. 


Crane Chains 


The strength of open and stud link crane and cable chains form ed 
the subject of an elaborate investigation and analysis by Profs. G.A. 
GoopvrenoucH and L. E. Moorr (University of Illinois 
Bulletin No. 18). The authors conclude that the unit 
stresses on which the formulas of Unwin, Weisbach and 
Bach are based are much in excess of the values regarded 
as permissible in machine construction using reasonable 
factors of safety. The formulas proposed by the authors 
for the strength of chain links are: 

P=.4 ds (open). 
Ps d2s\(stud), 
in which P=load, lbs., 
d=diameter of bar, ins., 
s=permissible unit stress, lbs. per sq. in. 

The following conclusions are of interest as bearing 
upon certain general opinions held by engineers in regard 
to chains. ‘The introduction of a stud in the link 
equalizes the stresses throughout the link, reduces the 
maximum tensile stresses about 20 per cent. and reduces 
the excessive compressive stress at the end of the link 
about 50 per cent. 

“The stud-link chain of equal dimensions will, within 
the elastic limit, bear from 20 to 25 per cent. more 
load than the open-link chain. The ultimate strength 
of the stud-link chain is, however, probably !ess than 
that of the open-link chain. 

“In the formulas for the safe loading of chains given 


Fic. 1. 


Crane or 
Open Link. 


SY 
\ 


PY 


by the leading authorities on machine design, the maxi- \ 
mum stress to which the link is subjected seems to be Fic. 6. Fic. 7. 
underestimated and the constants are such as to give Roller. Roller. 


maximum stresses of from 30,000 to 40,000 lbs. per 
square inch for full load.” 

The loading of hoisting chains, as practiced by the Illinois Steel 
Co., is given in Table 2. The loads given are uniformly one-tenth 
the breaking loads. This company requires all chains to be annealed 
at least every six months. 


TABLE 2.—T HE LOADING oF Horstinc CHAINS 


Size, ins. Safe load, lbs. | Size, ins, | Safe load, Ibs. 
+ 305 1} 10,525 
3 6900 1} 12,350 
4 1,230 rt} 14,325 
1,920 1} 16,450 
i 2,765 2 18,715 
Ir 4,925 2} 22,440 
1} 5,925 2h 27,705 
1} 7,310 2? 33,530 
1} 8,830 3 39,805 


See also the end of this section. 

Lhe lay-out of sprockets for crane chains is thus explained by A. W. 
Jenxs, Chief Engr. Vulcan Iron Works (Ammer. Mach., March 24, 
I9Io). 


Cable chain is either hand-made or machine-made. ‘The machine- 


made, which is the cheaper quality, will be found very accurate in 
pitch and shape of links. The hand-made varies a little in pitch of 
links and the links will be found to vary considerably in shape, 
especially in the weld, which is at the end of the link. ; 
When it is intended to use a hand-made chain, the sprocket casting 
to be used is sent to the chainmaker who makes the chain over the 
wheel, fitting each link into placé; thus making what is known as 
hand-made wheel chain. However, regardless of which chain is 
to be used, it is preferable to adopt the sizes given in manufacturers’ 


Fic. 2. Fic. 3. 

Cable, Rope or Wire Link 
Anchcr Hand. Hand. 
Stud or 

Spreader. 


Fic. 8. 


(ths 


Fics. 1 to 9.—Leading types of chains. 


catalogs for machine-made chain, as the proportions of the links have 
been adopted after long experience. 

Should the chain be on hand, it is wise to measure over some 18 
or 20 links, and obtain an average pitch per link. Extreme accuracy 
must be used in all operations or the sprocket will not turn out right. 

The following example, Fig. 10, covers the design of a 10-tooth or 
ro-pocket sprocket for 1-in. chain. It is first necessary to obtain 
the dimensions A and B. The chain catalogue gives the length of 
link W for r-in. chain, as 43 ins. and the width of link w as 3% ins. 
From the length we find that A =3$ ins. and B=13 ins. The points 
XX are the pin centers upon which the links revolve when passing 
over the sheave. 

The next step is to find the pitch diameter D, which passes through 
these points XX as follows: 

Let N =number of teeth or of pockets in whole wheel. 


=1I0 

A = distance, center to center of link length. 
Bag 
=34¢ Ins. 

B=distance, center to center between two links. 
=r ins. 
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The tangent .21797 corresponds to an angle of 12° 17’ 46”, the 


sine of which=.21297. 
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As the pockets are not to be machined, allow ample clearance; 
make the pocket at least } in. longer than the link, which will leave 
the width of tooth at the center line of the wheel } in. The groove 
in the center of the wheel which accommodates the vertical links, 
should be amply wide and deep enough to permit the links to fall into 
a natural position. 

It must be noted that the tooth as drawn, is not the shape of the 
tooth at the side of the central groove, but at the center line. The 
patternmaker will find it easier to work from this imaginary place, 
but explain with a note, so that he will not misunderstand. The 
shape of the tooth faces can be found by considering that each link 
lifts on its center X, until it comes in line with the next link, when 
the two lift on the second center, until in line with the third and so 
on. However, make the tooth somewhat thinner than the contour 
thus found, or it will be difficult to get the chain into the wheel. 


TABLE 1.—TYPES AND USES oF CHAINS 


Description and Qualifications 


Pitch diameter ae ISR S 17.6081 ins. 
sing .21297 
Highest speed for 
- Type | Classes | Where used general use, 
: ft. per min. 
Open link Cranes, dredges 150 for 
c hoists and I in, 
rane : 
=a slings, and larger 
eyes: liake Spreader or anchors, I00 
stud moorings, on capstans 
hand chains hand hoists 350 
Detachable Ewart with Power trans- 
hook joint mission, eleva- 600 
tors and con- 
veyors 
“Link Belt” Closed joint Same as Ewart 600 
for dirty places 
‘ Machine Power 
made transmission 
Roller 
Cast malleable Elevators and 600 
and steel conveyors 
Extended 
bearing 
Power 
High speed Rocker joint transmission 1200 
silent 
Plain 
bearing 


Used for heavy loads moving at low speeds, rough work; power applied by 
drums, one end of chain secured to drum, or by pocket wheels, both ends of 
chain free. 


For application of hand power to hoists, etc., used endless, runs on pocket wheels 
and rag wheels. 


Used for power transmission at moderate speeds. Buckets and flights are 
attached to chain by means of ‘‘attachment links’’ when chain is used for 
elevating and conveying. 

Used chiefly for power transmission in dirty and gritty locations. 
best type, with hardened-steel pins and bushings. 

Machine-made steel roller chains are much more accurate than malleable-iron 
chains and will run at higher speeds and loads than ‘“‘Link Belt.’’ 

Rollers give better sprocket action than solid joint. Wheels are cut and good 
machine-made roller chain may be compared with cut gearing. 

Malleable-iron rollers with telescoped mal.-iron end bars (tubular),the halves 
of end bars telescoping one into the other. Steel pin passes through tubular 
end bar. Substantial and durable. 

Bearing surface of joint is given maximum possible area through use of seg- 
mental hardened-steel bushings extending throughout entire width of chain 
and bearing on a cylindrical pin which is free to rotate. Shape of link and 
wheel tooth is such that elongation is compensated for and sprocket action 
is very gentle, allowing chain to run quietly at high speeds. 

Superior to cut gearing at equal speeds and loads. Runs on cut sprocket wheels 
of special form. 

Link form substantially similar to the above with the same quiet running 
and compensating action but with each joint provided with specially de- 

signed roller bearing. 

Link form similar to above, joint bearing formed by round hole in link with 
round pin, affording half the bearing surface given by extended bearing con- 
struction in chains of equal width and equal diameter pin. 


Made, in 


It is advisable to use at least five decimal places in all quantities 
the result is very greatly affected by their absence. 

Having the pitch diameter, the wheel can be laid out. It is 
desirable to make a full-sized layout, if only as a check upon the 
computations. 

Divide the circle into 10 parts for the 10 teeth. But two or three 
links need be drawn to obtain all necessary dimensions for the shape 

_ of the pocket. The horizontal chain link is a chord of 34 ins. length 
on the pitch circle; the vertical link is a chord of 1% ins. length. 
The axis of the vertical link passes through the centers XX of the 
two adjacent horizontal links. The diameter E across the flats can 
now be measured and this is really the most important dimension 
of the wheel. 

It would be wise, as a check, to space off alternate chords of r2 ins. 
and 33 ins. around the entire wheel. Of course, there should be 
to of each. The distance E can also be found by computing the 
cosine of angle z with radius = 8.80405 ins. or half the calculated pitch 

diameter and deducing from the result } the diameter of the link 


material. 


Wheels are sometimes made with pockets for the vertical links, 
but it is preferable not to use them, as, when the wheel becomes a 
little worn, the vertical link has a tendency to pry the horizontal link 
from its bearing. 

It is better that the chain be too tight than too loose, as some 
stretch will occur in the first few days of operation. 

Care must be used in the calculations; approximations will not do, 
as the errors multiply. 

The attachment of chains to hoisting drums by the common method 
shown in Fig. rr is pointed out by G. E. Franacan (Amer. Mach., 
Oct. 23, 1902) to be defective. The fault lies in drilling the hole 
for the spur of the chain anchor in the groove, in place of through 
solid metal beyond the chain groove as shown in Fig. 12. The first 
method subjects the anchor spur to a bending stress several times 
greater than is done by the second, and may cause the failure of the 
connection. Crane drums should be so proportioned that from one- 
half to-a full coil of chain will remain upon the drum with the hook in 
the lowest position in which it is possible for it to sustain a load, and 
in this case only a fraction of the full stress will come upon the anchor; 
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Bink 174 
A=pitch of chain + d H=d 
B=pitch of chain — d J=w4+$+3y in. 
D=pitch diameter K=d +6 
E=diameter across flats = g 
F=dX.75 M=dX.375 


G=d 


Fic. 10.—Proportions of sprockets for cable chains. 


but although this requirement may be observed when the machine 
is first installed, conditions may be changed afterward, as by digging 
deeper pits in the foundry, and thus the entire load may come directly 
upon the chain anchor, which ought to be fully capable of meeting 
such an emergency. It will be noted that Fig. 12 requires a link of 
extra length on the end of the chain in order to reach the spur in the 
position shown. Figs. 11 and 12 are both open to the objection that 
the drum may be rotated far enough to bring the pull of the chain as 
shown in dotted lines of Fig. 12. 
In this case the load will not come 
upon the spur at all, but principally 
upon the nearest tap bolt, and it will 
be increased by a leverage depending 
upon the distance from the chain to 
this bolt. A better arrangement than 
either is shown in Fig. 13. 

Fig. 14 shows a section of a 
grooved drum, withproportions. The 
thickness of the metal below the 
bottom of the groove is determined 
by treating the drum as a hollow 
cylindrical beam with the load concentrated in the middle. The 
links should not bottom in the groove. 

Hand chains are used endless, hanging from hoists, etc., with the 
lower loop free. The rims of the wheels over which the chain passes 
are called rag wheels. These rims are simple in design, usually 
having a V-groove with about 60 deg. included angle, with ridges 
cast radially along the inner sides of the V to provide gripping points 
for the chain links. 


The Ewart Chain ; 

The Ewart chain with hook joint, Fig. 4, is used for power trans 
mission at moderate speeds. According to Mr. Havwarp (Amer. 
Mach., Aug. 28, 1913) the thickness of the tooth of the sprocket wheel 
must be such as to give the hook portion of the link some freedom 
between teeth. If the tooth space were made to conform to the shape — 
of the hook, the slightest stretching of the chain under load or through 
wear would cause the chain to ride up on the flanks of the teeth, and 
eventually the chain would be broken by riding over the crowns 
Conversely, the wider the tooth space the greater the amount 
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Fic. 14.—Section of chain drum. 


stretch or wear that can take place before riding. On wheels of a 
large number of teeth the space may be considerably wider than on 
small wheels, as the wear on the tooth flanks is more distributed, 
each tooth coming into action once in each revolution of the wheel. — 
The wide tooth space is also desirable in large wheels because it 
permits of the greatest possible elongation of the chain before the 
increased pitch of the chain causes it to ride. 

The working load which may be applied to a given link belt depends 
in each case upon speed of chain, cleanliness of location, and character 
of the load. The best method of rating a chain is by applying a 
factor, varying with the speed, to the average breaking strength of 
the given chain. Table 3 gives factors that have been determined 
by exhaustive experiment and by use: 


TABLE 3——SPEEDS AND WorxkinG Loaps For Ewart CHAINS 


To obtain working load divide average 


Chain speed in ft. per min. : : 
P P 2 ultimate strength by 


o | 
200 S 
200 
300 6 
300 
400 10 
400 
500 { 12 
500 
600 16 
600 
700 20 


Fics, 11 to 13.—Anchors for crane chains. 


If the chain is to be subjected to shock or is to work in a gritty 
place, especially in elevators and conveyors where coarse or gritty 
materials are being handled, the factors must be increased beyond 
those given in the table. In lookingover the catalog of manufacturers 
of link belting the wide range of sizes and types often makes the 
selection of chain difficult; the following suggestions may simplify 
the problem. 

In selecting chains for power transmission, first determine the 
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diameter of the small sprocket wheel, keeping it as small as possible. 
Select a chain of medium pitch with the proper breaking strength 
and find the number of teeth in the sprocket wheel of the diameter 
selected. If possible use wheels with more than eight teeth; smaller 
wheels cause rapid wear on both wheels and chain through the large 
angle of articulation when the links enter and leave the wheel. 

Note that a chain of medium pitch is desirable for ordinary trans- 
mission purposes. Short-pitch chains will not permit of sufficient 
tooth space in the wheel to allow for much elongation of the chain 
_ through wear, also the joints are greater in number in the same length 
of chain, and the same amount of wear per joint will cause greater 
elongation than in medium pitch. Short-pitch chains are designed 
primarily for applications where backlash of the chain on the wheel 
is objectionable. The long-pitch chains are only desirable for trans- 
_ mission purposes where the chain speed is very low. 

At equal chain speeds on equal-diameter sprockets the long-pitch 
chains hammer on the sprocket wheels much harder than the medium 
pitch, make much more noise, and, strength being equal with medium 
pitch, do not make as durable a drive. Long-pitch chains are ap- 
plicable principally to elevator and conveyor work. Where the chain 
speeds, compared with ordinary power transmissions, are low, 

‘seldom exceeding. 200 ft. per min., the diameters of the sprocket 
wheels are governed by consideration of the material being handled 
rather than the energy transmitted. 

Cast-iron sprocket wheels in the rough are likely to be irregular 
in tooth spacing. Unequal shrinkage, rapping of the pattern in 

_ molding and inaccuracies in the pattern often cause the wheels to be 
incorrect in pitch and diameter. In an ordinary gray-iron casting 
the best way to secure a good wheel is to cast a little large in diameter 
and grind the periphery down to properly fit a piece of standard chain. 

Hard-rim sprocket wheels are furnished by some manufacturers. 
These are cast from special iron in such a manner as to make the rims 
and teeth extremely hard and tough while the hubs are soft for boring 
and keyseating. These wheels when properly made, are a decided 
economy in spite of their slightly higher price, as they last several 
times longer than the gray-iron wheels. Care should be given to 
their selection, however, as they are subject to some troubles not 
present in the ground soft-iron wheels. 

The face of the wheels, both on the teeth and on the root diameter, 
should be parallel to the bore of the wheel and the edges of the wheels 
_ should be free from fins or other projections. The iron is too hard 
to grind over the entire face of the wheel, and projections will cut 
- the chain to pieces very quickly. 

The design of a sprocket wheel for link belting is not a difficult 
matter, but the patterns are expensive and the production of a good 
wheel in the foundry requires considerable skill. For the use of 
those who wish to make their own wheels, the following is offered: 

Having determined the number of teeth desired and the pitch of 
the chain, the next step is to find the diameter of the pitch circle, 
Fig. 15. Careful measurements should then be made of the chain 
to determine the dimensions shown in Fig. 16. The root diameter 
of the wheel, as shown in Fig. 17, is the pitch diameter less 2x A. 
The flanks of the sprockets or teeth may be made straight from just 
above the root line to a little above the pitch line and should be in- 
clined at such an angle as to give the hook of the link ample clearance 
in leaving and entering the wheel. 

It is not necessary to make the tooth at its base conform to the shape 
of the hook. The straight-tooth flanks will cast more regularly 
and will form a more uniform bearing for the chain than if the hook 
and tooth forms were similar. The thickness of the tooth at the 
pitch circle determines the amount of wear and stretch that may take 
place in the chain before it begins to ride the wheel; each tooth comes 
into action once in a revolution of the wheel, and the wear on a tooth 
_ is proportional to the number of times it comes into action. There- 
fore, the wear on a wheel with a small number of teeth is greater 
than on one with a large number, making heavy teeth necessary in 
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small wheels. Furthermore, the number of links in mesh with a 
wheel of a small number of teeth is less than in a wheel witha large 
number, making it possible to reduce the clearance without taking 
from the useful life of the chain. 

Table 4 expresses this difference in percentages of the available 
tooth space in the chain, as shown in B-D, Fig. 16 


1 
B'B = Pitch of duath i 
N=Number of yeeth 
7 
cBp-22 ie ase 
fay D. See S| Be “ Pitch Diam, 


Fic, 16. 


Proportions of Links 
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Fic. 18.—Section of rim. 


Fics. 15 to 18.—Laying out sprockets for the Ewart chain. 


TABLE 4.— NUMBER AND THICKNESS OF TOOTH 


Per cent. thickness of teeth at pitch line 


Number of teeth in wheel | 


8 to 12 75-80 of tooth space in chain 
13 to 20 70 of tooth space in chain 
2r to 35 65 of tooth space in chain 
36 to 60 55-60 of tooth space in chain 


The straight flank of the tooth may be continued to nearly the 
total height of the tooth and then curved over to forma flat crown, 
or a rounded crown may be used as shown in the dotted lines in 
Fig. 14. 

Fig. 18 shows a section of a typical sprocket-wheel rim. The 
dimensions may be expressed approximately in terms of the dimen- 
sions of the link, thus: 


B=W —is W up to# in., which is sufficient for wide chains 


Ww 
oe 
oe 

= yi 
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These proportions are necessarily approximate. The wide range 
of designs and sizes makes it impossible to formulate a satisfactory 
method that will apply to all cases. 

The proper use of the Ewart chain has been explained by S. B. Peck, 
Vice President Link Belt Co. (Amer. Mach., May 14, 1908) as follows: 

When considering the relative merits of different methods of run- 
ning chain-drives, the drive should be considered as a whole, and the 
action noted at four points: a, entering point on the driver; }, releas- 
ing point on the driver; c, entering point on the driven; d, releasing 
point on the driven, as shown by abcd, in Fig. 19. 

In this discussion the action at a point is said to be good when all 
the articulation or bending takes place in the joint of the chain, Fig. 


FIG, 20. 


‘Vheel Drives 


Fic, 21. 


Fics. 19 to 29.—The correct use of Ewart chain. 


20. The action is said to be bad when, in bending, the link rubs on 
the sprocket, producing wear on the sprocket and outside or external 
wear on the hook, Fig. 21. 

Another fact is also to be remembered: There is never more than 
one tooth in action at any one time. No matter how carefully the 
chain and sprocket may be made, as soon as the load comes on, there 
is a change caused by stretch and wear. 

We can predetermine which tooth shall be in action by making 
the pitch of the wheel either larger or smaller than the pitch of the 
chaix. Thus, on the driver, Fig. 22, the wheel pitch being smaller 
than the chain pitch, the entering tooth does all the work. In Fig. 23 
the conslitions are reversed: the wheel pitch is the larger and the 
releasing tooth does the work. On the driven the same thing holds, 
except that here conditions are reversed. 

When the wheel pitch is smaller than the chain pitch the releasing 
tooth does the work, Fig. 24, and when the wheel pitch is larger 
than the chain pitch the entering tooth does all the work, Fig. 25. 

For the best work the pitch of the driver should be larger than the 
pitch of the chain, Fig. 23, and the pitch of the driven should be 
smaller than that of the chain, as in Fig. 24. The releasing teeth b 
and d are, therefore, the working teeth, and the chain can seat at a 
and ¢ quietly and take the load gradually as the wheel revolves. 

Having considered the question of wheels, we will now regard 
the drive as a whole to determine whether the chain shall be run 
bar first or hook first. 
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FIG, 25. 


In Fig. 26 we have the driver large, the driven small; hence } and d 


are the teeth in action. Chain runs bar first; action at @ good, at b 
bad, at c good, at d bad. 


In Fig. 27 we have the same sprockets as in Fig. 26, but the ch 
runs hook first. Here the action at a is bad, but the fact that t 
hook is not in contact with a tooth face at this point makes the 
consequent wear of little account. The action at } is good. 
action at c is bad, but this is on the slack side of the chain and this" 
bad action causes no wear. The action at d is good. 


Fic. 26. 


FIG. 27. 


P 


FIG. 29. 


Consider a drive when the sprockets are such as are usually 
furnished: ‘These are ground to fit the new chain; when the latter 
stretches, both driver and driven are small as compared to it, and 
teeth a and d are now in action. 

In Fig. 28 we have such a pair of wheels with the chain running 
bar first. The action at a is good; at } it is bad, but as there is no 
tension on the chain at this point, this is not objectionable. At ¢ the 
action is good; at dit is bad. In this case, therefore, it would seem 
that the wear would be confined to the driven wheel and this is so in 
actual practice. 

Only wear is on driven, caused by the bad action at d, this torms 
hook on d and breaks chain. 

Observe the same wheels with the chain running hook first, Fig. 29. 
The action at @ is bad; at d it is good; at c it is bad, but not objection- 
able, because, as before, there is no tension at this point; action at d 
is good. ‘Thus all the wear would seem to be on the driver as a result 
of the action at a. This is found to be the case; hence both theory 
and practice show that with the chain running bar first driven wheel 
wears, while with chain running hook first driver wheel wears. 

Now, it is found that because the wear at d, running bar first, is 
caused by the link slipping up the tooth, it tends to undercut and 
form a hook and thus break the chain. On the other hand, the wear 
at a, when running hook first, is caused by the link slipping down the 
tooth, and the wheel will wear out completely without endangering 
the chain. It has also been proved that the driver, running hook 
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first, lasts several times as long as the driven wheel when running 
bar first. As the driven wheel is in nearly every case much larger 
than the driver and the consequent wear on each tooth is less, it 
would seem that if the chain were run so as to wear the driven, the 
wear on the two wheels would be equalized. This would be poor 
practice for the reason that the driver, being smaller, is more cheaply 
replaced, and the repair account will, therefore, be less running 
hook first. 

In elevators, the head wheel acts as a driver, and the foot wheel 
simply as an idler, because it is doing no work. Therefore, run the 
chain bar first so as to favor the driver. On conveyers one wheel is 
always an idler, comparatively speaking, and the same reasoning 
holds as for elevators: the chain should run bar Jorst in all cases. 

These remarks apply equally well to all closed-end pin chains; 
the closed end corresponds to the hook and the pin end to the bar 
of the Ewart chain. 

In general, therefore, on drives run hook first. 
conveyers run bar first. 


On elevators and 


The Roller Chain 


The following data relate to the practice of the Diamond Chain and 
Manufacturing Company. When selecting a roller chain the follow- 
ing considerations apply: 

The pitch of the chain should not be greater than the speed of the 
smaller sprocket will allow. To find the maximum sprocket speeds 
refer to the column of max. r.p.m. of Table 6 from which it will be 
seen that a short pitch chain allows a higher sprocket speed than a 
long pitch, a light-weight chain allows a higher speed than a heavy 
weight of the same pitch, and a wide chain allows a higher speed than 
a narrow one of the same pitch. 

It was formerly supposed that the chain speed must not exceed a 
certain limit under pain of rapid wear. A long series of observations 

_and experiments by the Diamond Chain and Manufacturing Com- 
pany has proven that chain speed has little to do with the destructive 
action, but that high sprocket speed combined with long pitch is 
very noisy and destructive, because of the impact between link and 
sprocket tooth. Hence the importance of selecting a chain of the 
shortest possible pitch. The following approximate formulas 


apply: . 
oe ied Be 
Minimum allowable pitch, ins.= (: ee) (a) 
: __g00 
Maximum r.p.m. of a ip (b) 


in which P=pitch of chain, ins. 

The weight of the chain is also important, although it is not pos- 
sible to exercise such a wide range of choice in weights as in pitches, 
especially as a short pitch chain is also comparatively light. But, 
when the sprocket speed is high and there is more than one weight of 
chain of the same pitch and width to choose from, it is well to select 
the lighter chain provided its rivet area and ultimate strength are 

ample. 

Width of Chain.—In general a wide chain of short pitch is better 
than a narrow one of longer pitch; but where the sprockets are apt 
to run considerably out of alignment, as in motor trucks or armature 
shafts of electric motors, or where a crossed chain is desired, a narrow 
chain must be selected because of its great flexibility laterally. The 
frictional losses in a chain drive are less for rivets of small diameter 
than for those of large diameter: Hence, if the shearing strength of a 
small rivet is great enough for the service required, it is better to get 
the required rivet area by increasing the length of the rivet than by 
increasing its diameter. 

The projected rivet area is the product of the rivet diameter and the 
length of the bushing, or block, in which the rivet turns. 

The chain pull should not in general be greater than 1000 pounds 
per square inch of projected rivet area, but for slow speed it may 
sometimes run as high as 3000lbs. per sq. in. with fair results. 
It should not exceed one-tenth of the ultimate strength of the chain, 
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since there are but few cases in which the load is so uniform that a fac- 
tor of safety of at least ro is not necessary. Indeed, where the power 
is suddenly applied the required factor of safety may runas high as 40. 

Formulas for the calculation of chain velocity, chain pull, horse- 
power, etc., are given below, in which 


N=No. of teeth. T =chain pull, lbs., 

P=pitch, ins., S=r.p.m. of sprocket, 

H =horsepower, V =velocity of chain, ft. per min., 
D=pitch diam. of sprocket, ins. 


SNP 

=T5 OF -261xXDS (approx.) (c) 
_12V __ 396,000 KH 

S= WP T NP (d) 
_ 33,000XH — 39,600 X H 

Le Res ASN Bay (e) 

Ves SNPT 

~ 33,000 ©" 396,000 (f) 
_12V 396,000 XH 
pole SNP (g) 
_12V___ 396,000 XH 

PE SN SNT (4) 

126,000 KX H 


D=.318X NP (approx.) or 


TS (approx.) (7) 


Tables 5 and 6 will be useful in the selection of the proper chain 
to transmit a given horse-power at a given speed and chain tension. 
If the following four maxims are properly observed in the design of 
a chain drive, much of the trouble with respect to noise and undue 
wear can be avoided. 

1. Keep the pitch as short as the load will allow. 

2. Avoid the use of less than fifteen teeth, unless the sprocket speed 
is relatively much lower than that given in Table 6. 

3. Select a wide chain in preference to a narrow one, excepting in 
cases where the chain is crossed or where the sprockets must run 
considerably out of alignment. 

4. Select a light chain in preference to a heavy one if strength and 
rivet area are adequate. 

The alignment of the sprockets should be as nearly perfect as pos- 
sible; otherwise both chain and sprocket teeth will wear more on one 
side than on the other, and the drive will be noisy and short-lived. 

The center distance should be adjustable wherever possible in order 
to take up slack due to elongation from wear. A little slack, how- 
ever, is an advantage, as it allows the chain links to take the best 
position on the sprocket teeth, and reduces wear on the bearings. It 
is a curious fact that when the center distance is such that the span 
of the chain on the tight side is an exact multiple of the pitch the 
efficiency is higher and the chain runs more smoothly. Oftentimes 
when the slack side of the chain fails to run in a smooth curve, a 
slight alteration of the centers will correct the trouble. For a satis- 
factory drive the center distance should not be less than one and one- 
half times the diameter of the larger sprocket, nor more than sixty 
times the pitch; but much depends upon speed and other conditions. 

An adjustment of the center distance equal to the pitch of the chain 
is all that will ever be necessary. If not more than half of this 
amount can be provided, an offset link may sometimes have to be 
inserted in order to make the chain the proper length. 

Idler sprockets should be used only where the conditions make it 
imperative. It is as important that idlers should be kept within 
the proper limits of speed and number of teeth as either the driving 
or driven sprockets. Although the idler carries practically no load, 
the effect of impact between tooth and roller is the same, and the 
teeth will wear with surprising rapidity if the speed is too high, the 
number of teeth too low, or if not properly mounted in correct 
alignment. 

When an idler is used for the purpose of taking up slack, it should 
be placed against the slack side of the chain, preferably, but not 
necessarily, between the two strands of the chain. It should be a 
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sprocket rather than a roller. If used on the tight side of the chain 
to lessen vibration, it should be placed on the ower side in such a 
position as to allow the chain to run in a straight line between the 
two main sprockets. A flat steel plate mounted below the tight side 
of the chain to guide it in a straight path will be found a very satis- 
factory substitute for an idler sprocket as a means of checking 
vibration. 

Vertical drives for chains have been condemned unduly. Experi- 
ence shows them to be as satisfactory as horizontal drives excepting 
in cases where the centers cannot be adjusted to take up the slack 
in the chain. The same remark applies to oblique drives, and it 
makes little difference in any drive whether the tight side is above 
or below. 

Crossed chain drives have been used with success in a number of 
cases, notably in aeroplanes. The chains should be narrow, how- 
ever, the center distance should be sufficiently long, and some means 
should be provided at the place where the chains cross to keep them 
from rubbing together. They are sometimes run through crossed 
tubes. But at best a crossed chain does not make an ideal drive. 

The encasing of chains in dust and oil proof housings is very de- 
sirable, as it affords means of continuously lubricating the chain 
and actually prolonging the life of both chain and sprocket from 
200 to 300 per cent. A chain case with an oil bath need not be very 
expensive, and the advantages which result with respect to increased 
efficiency and reduction of noise, as well as longer life, will generally 
make the investment a profitakle one. 

As to material for sprockets, they may be made from machinery 
steel, cast steel, alloy steel, semi-steel or malleable iron, gray iron, 
brass or bronze. In short, any metal that makes a good gear will 
make a good sprocket. Cast iron is being used more and more for 
sprockets on account of its cheapness, ease of machining, and good 
wearing qualities. 

“Cast teeth have the same advantages for sprockets as for gears. 
They can be recommended only for low speeds, and where cheapness 
of production is a matter of greater importance than smooth, quiet 
running and long chain life. 

A new chain should not be applied to an old or much worn sprocket, 
as the chain will be quickly ruined and an unsatisfactory drive is sure 
to result. A sprocket that has worn to a hooked form of tooth exerts 
at both entering and leaving contact a wedging action that cannot be 
resisted by any chain. 

Fixed distances between sprockets must be maintained and the 
alignment of sprockets should be perfect. 

After extended tests, the Diamond Chain and Manufacturing 
Company has introduced a new form of sprocket tooth which elimi- 
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Fic. 30.—Sprocket tooth form for roller chain. 


nates much noise and wear. In the old form the inevitable wear of 
the chain and the resulting elongation of the pitch, necessitates clear- 
ance in the sprocket teeth. The new form applies the same principle 
as that of silent chain sprocket teeth, the chain engaging the teeth 
at a progressively increasing diameter as the chain pitch increases, 
and always without clearance. 

This form of sprocket tooth is shown in Fig. 30. The pressure 
angle (or angle between the direction in which the chain pulls and 
a normal to the tooth outline) is kept constant at about 20 deg. 
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Sprockets with a greater number of teeth can be used. Cutters for 
these teeth are known as Diamond Universal Sprocket Cutters and 
are defined by specifying the pitch and the roller diameter. Other 
dimensions, such as thickness, outside diameter, hole and keyway 
are standard. ‘They are made for the following ranges: 


7-8 teeth 
g-11_ teeth 
12-17 teeth 
18-34 teeth 


35 and over teeth 


The outside diameters for these sprockets are less than those usu- 
ally tabulated. Instead of adding the roll diameter to the pitch 
diameter to obtain the outside diameter, the following formula is 
used: 


°° 
Outside dia. = pitch dia. xP ((o.6—tan e ) 


in which P=pitch of chain, ins., 
N =number of teeth 
To Calculate Length of Chain 
N  n_ .0257(N-n)? 
L=2C+ - + pm C (R) 
in which P=pitch of chain, 


C=center distance in pitches, 

N =number of teeth on large sprocket, 
n=number of teeth on small sprocket, 
L=chain length in pitches. 


As a chain cannot contain a fractional part of a pitch the next 
whole number above the calculated number of pitches must be used_ 
If it is an odd number, an offset link must be used in all cases except 
for the block center and twin roller chain. The chain length in 
inches is found by multiplying the number of inches by the pitch. 


To Calculate the Center Distance for a Tight Chain 


If the center distance can be suited to the length of the chain, an 
even number of pitches should be chosen to avoid the use of an offset 
link, and the proper center distance may be calculated from this 
formula: 


Pi , ) 
=3 | 2L—N—n-+-+/ (2L— N—n)*—.824(N—n)? (2) 


in which C = center distance, ins., 


LI = length of chain in pitches. 


Both the above formulas are approximate, but the error will 
amount to only a few thousandths of an inch for most cases, and in 
all cases the error is less than the variation in length of the best chains. 


Calculation of Sprocket Wheel Diameters for Roller Chains and 
Built-up Block Chains 


PH RS ERR aly ANS a 
Pitch diame abe 180° (m) 
x alt, = 
Bottom diameter= pitch diameter—D (2) 
3° 
Outside diameter=outside diameter-++-P ((.6—Tan “-) (0) 


in which N =number of teeth in sprocket, 
P=pitch of chain, ins., 
D=diameter of roller, ins. 


Sprockets cut with the Diamond Universal Cutter should have 
bottom diameter .003 in. to .o05 in. less than the abcve in order to 
provide for variation in size of rollers and for dirt. 


CHAINS 


Calculation of Sprocket Wheel Diameters for Roller 
Chains and Bushing Chains. For Block- 
center and Twin-roller 


sin uecE 
Tacs @) 
: 180° 
ie ees a 
Pitch diameter = A ¢ (r) 
sin C 
Bottom diameter = pitch diameter—b (s) 


Outside diameter = pitch diameter+A(o.6—tan 14C) (#) 


in which N =number of teeth. 
b=diameter of round part of chain block 
(.325 in. for r in. P, and .532 in. for 134 in. P) 
B=center to center of holes in chain block 
(.400 in. for x in. P, and .564 in. for 134 in. P) 
A =center to center of holes in side bars 
(.600 in. for 1 in. P, and .936 in. for 114 in. P) 


For practical purposes the following formulas will give the outside 
diameter within .oor in. of the correct dimension: 
For 1-in. pitch block chains 


* 125N 
Pe oN ae (x) 
For 1}4-in. pitch block chains he 
; N-t1 
PD (v) 


Calculations may be abbreviated by the use of Tables 5 and 6. 
Although the outside diameters are given to three places of decimals 
extreme accuracy is not needed in this dimension. The pitch diame- 
ter is not needed in connection with the machining of a sprocket and 
__ isgiven only asacheck on the other dimensions. The bottom diame- 

' ter is the most important. They should never exceed the amounts 
given in the tables but may be several thousandths under. To 
allow for dirt they should be from .003 to .oos in. less than the 
tabulated values. 

Table 5 of sprocket diameters for 1-in. pitch is carried as high 
as 111 teeth, and the pitch diameters are given to four places of 
decimals. From this table the pitch diameter and outside diame- 
ter can be computed for any sprocket of other than 1-in pitch. 
For example, let it be required to find the diameter of a 70-toothed 
sprocket for No. 762 stud chain, which has a pitch of .326 in. and 
a stud diameter of .128 in. A 7o-toothed sprocket, 1 in. P, has a 
pitch diameter of 22.2892. Multiplying by .326 gives 7.266 ins. as 
the pitch diameter for a .326 in. pitch chain. Subtracting the stud 
diameter from this gives the bottom diameter 7.138 ins. The 
outside diameter given in the table is 22.867. Multiplying this by 
.326 gives 7.455 ins. as the outside diameter required. 

As an example in the calculation of a chain drive, suppose it is re- 
quired to transmit 12 h.p. from a motor at 885 r.p.m. to a line shaft 
at 360 r.p.m.; center distance 40 ins.; maximum allowable diame- 
ter of sprocket on line shaft, 18 ins. 

From column five of Table 6 the longest pitch that can be used for 
a sprocket speed of 885 r.p.m. is 1 in.; and from column four it 
is seen that there is no chain with a pitch less than z in. that has a 
normal capacity as high as 12 h.p. We will therefore try to use a 
r-in. pitch chain. 

In the table of sprocket diameters the greatest number of teeth 
that can be used on the large sprocket is found to be 54. ‘The veloc- 


ity ratio see .2458. The nearest fraction to this that can be used 


is 1343. Now a 13-toothed sprocket is undesirable, unless we can 
do no better. We will therefore see what can be done with a 34-in. 
pitch chain. The maximum number of teeth that can be used on the 
large sprocket is in this case 73. The fraction 184 is equal to .2466, 
and is very close to the ratio required. The number of teeth for a 
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TABLE 5.—SPROCKET DIAMETERS FOR ROLLER 
See Text for Use with Other Pitches. 
I-in. pitch 


CHAINS 


No. Pitch ie ORG ag No. | Pitch veh ed wag 
teeth | diam. | °° g.s0 Ee teeth | diam. any Bed a) 
diam. | 3°. | Sun diam. | 893 | 808 

gee | eae Red ee 

Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. 
6 2.0000] 2.332| 1.438] 1.375 59 |18.7892| 19.363] 18.227] 18. 164 
7 2.3048] 2.677] 1.742] 1.680 60 | 19. 1073] 19.681) 18.545] 18.482 
8 2.6131] 3.014] 2.051] 1.988 61 |19.4255|20.000| 18. 863| 18.700 
9 | 2.9238] 3.347) 2.362] 2.209|] 62 |19.7437|20.318|19. 181| 19.019 
Io 3.2361) 3.678] 2.674] 2.611 63  |20.0618|20.637| 19.499] 19.337 
II 3-5495| 4.006] 2.987| 2.924 64 |20.3800}20.955| 19.818) 19.655 
12 3.8637] 4.332] 3.301] 3.239 65 |20.6982\21.274|20. 136| 19.973 
13 4.1785) 4.657] 3.616] 3.554|| 66 |21.0164|/21.593|20.454\20.291 
14 4-4940] 4.982] 3.932] 3.869 67 |21.3346|/21.911|20.772|20.610 
I5 4.8097] 5.305] 4.247] 4.185 68 |21.6528)22.230|21.091|20.928 
16 5.1250] 5.627] 4.563] 4.501|| 69 |21.9710/22.548|21.409|21.246 
17 5.4423] 5.950] 4.880] 4.817 70 |22.2892|22.867|/21.727/21.564 
18 5.7588] 6.271] 5.1906] 5.134 71 |22.6074|23. 185|22.045|21. 882 
I9 6.0756] 6.503] 5.513] 5.451 72 |22.9256|23.504/22.363)22.201 
20 6.3925] 6.914| 5.830] 5.768 73 |23.2438)23.822\22.681/22.5 19 
21 6.7005| 7.235] 6.147| 6.085 74 |23.5620|\24. 141|/23.000/22.937 
22 7.0266] 7.555] 6.464] 6.402 75 |23.8802/24.4509)23.318/23.255 
23 7-3439| 7.875] 6.781) 6.719|| 76 |24. 1984)24.778|23 .636)23.573 
24 7.6613] 8. 196} 7.009] 7.036 77 |24.5166|25.0096|23.954/23.892 
25 7.9787| 8.516] 7.416] 7.354 78 |24.8349|/25.415|24.272|24.210 
26 8.2962| 8.836] 7.734] 7.671 79 |25.1531/25.733|24-591|24.528 
27 8.6138] 9.156] 8.051] 7.989 80 |25.4713|26.052/24.900|24.846 
28 | 8.9315] 9.475| 8.360] 8.307|| 81 |25.7805|26.370|25..227|25. 165 
20 9.24901] 9.795| 8.687) 8.624 82 |26. 1078/26.689]25.545/25.483 
30 9.5668] 10. 114] 9.004] 8.942 83  |26.4260/27.007|25.864/25.801 


eo 9.8845] 10.434] 9.322] 9.260 84 |26.7443|}27.326|26. 182/26. 119 
32 ° |10.2023| 10.753] 9.640] 9.577 85 |27.0625/27.644|26.500/26.437 
33 10.5201|/ 11.072] 9.958] 9.805 86 |27.3807/27'.962|26.818/26.756 
34 | 10.8380] 11.392] 10.276] 10.213 87 |27.6989/28.281/27. 136/27.074 
35 II. 1558) 11.711) 10.593] 10.531 88 |28.0171/28.599|27.455|27.392 


36 | 11.4737] 12.030) 10.911/ 10.849 89 |28.3354/28.918|27.773/27.700 
37 II.7917/ 12.349! 11.229] 11. 167 90 |28.6536\29.236/28.09 128.029 
38 12. 1096] 12.668] 11.547| 11.485 QI |28.9718|29.554/28.409|28.347 
39 12.4275] 12.987| 11.865/ 11.803 92 |290.2900|29.873/28.728/28.665 
40 12.7455|13.306| 12. 183/12. 121 93 |290.6082/30. 19 1129.046)29.083 


41 |13.0635| 13.625) 12.501) 12.429 94 |29.9264)30.510 29.364|29.301 
42 13.3815] 13.944] 12.819] 12.757 95 |30.2446|30.828|29.682\29.620 
43 13.6995) 14. 263] 13. 137] 13.075 96 |30.5628/31. 146|30.000| 29.938 
44 14.0175] 14.582) 13.455) 13.393 97 |30.8811/31.465|30.3 190|/30.256 
45 114.3356] 14.901) 13.773/13-711|| 98 |31. 19094\31.783|30.637|30.574 


46 |14,6536|15.219/14.091| 14.029 99 |31.5177}32. 102|30.955/30.803 
47 14.9717} 15.538] 14.409]14.347|| 100 |31.8360)32.420)31.274|31.211 
48 15.2898] 15.857/14.727|14.665|| IOI |32.1543/32.739/31.592|\31.529 
49 15.6070] 16. 176] 15.045|/14.983]| 102 |32.4726/33.057|31.910/31.848 
50 | 15.9260] 16.495/15.363/15.301|| 103 |32.79090/33.376|32.228|/32. 166 


51 16.2441) 16.813} 15.681/15.619|| 104 |33.1091/33.6904/32.547/32.484 
52 16.5619| 17. 132|15.990]15.937|| 105 |33.4274/34.012/32.865\32.802 
53 16.8803] 17.45 1/16.318}16.255|| 106 |33.7457/34-33 1133. 183/33. 121 
54 |17. 1984] 17.760] 16.636) 16.573]| 107 |34.0640|/34.640/33.501/33.439 
55 17.5 166| 18.088] 16.954/16.892|| 108 |34.3823/34.968)33.820/33.757 


56 17.8347| 18.406|17.272|17.210]| 109 |34.7006)35.286/34. 138|34.076 
57 18. 1520| 18.725}17.590/17.528]| I10 |35.0189/35.605|34.456/34.304 
58 118.4710] 19.044] 17.900]17.846|| III 135.3371135.923134.775134.712 


34-in. pitch chain would then be 18 for the motor, and 73 for the 
line shaft. 
The High Speed Silent Chain 
The preliminary design of Morse silent chain drives may be made in 
accordance with Table 7, which has been supplied by the Morse 
Chain Co. 


(Continued on page 173, first column.) 
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TABLE 6.—DATA FOR THE DESIGN OF DIAMOND CHAIN DRIVES 


1 The normal pull given in the table corresponds to a pressure of 1000 lbs. per sq. in. of pro- 
jected rivet area. The maximum pull is about three times the normal pull, but does not exceed 
one-tenth of the ultimate strength of the chain. 

The projected rivet area for any chain may be found by dividing the number representing the normal 
pull by 1000. For example, the normal pull for chain No. 149X}4 in. is 83 lbs., and the pro- 


jected rivet area is .083 sq. in. 
The normal horse-power given in the table corresponds to the normal pull at a chain speed of 800 ft. 


per min. 
The maximum horse-power given in the table is the maximum only when the chain pull does not 


exceed the limit given in the sixth olumn. 

The dimensions L and H are given to enable the designer to determine the amount of space 
required for a given chain drive. Columns C, T, E and R pertain to the design of the cross-section , 
of the sprocket teeth. F (in figure) is the diameter of the rim or hub. It should not exceed pitch 
diameter minus 1.1X4H, since it is necessary to allow clearance for the side bars of the chain. The 
last six columns have reference to lettered dimensions of the illustration. E 


en ate 


Age 


Chain number of roller or R 
block, ins, i 
In. In. Normal Max Normal Max In. In: jf ie In. In. In. In. 
9-4. X Ho I Block -325 8 2.4 2214 32 96 -435 -23 332 36 -056 Mig | Zhe, 
9-4. 4 I - ng2)5 1.0 Beat 2316 41 124 -27 493 «332 346 -056 1364 | 2hes 
45x} I ‘ -325 “5 U6) || 42102 ag: 65 - 16 -353 +332 346 -056 ba 2Me4 
61r-71X% I ae 325 Tet 3.0 | 1734 44 120 “25 -505 | 377 1964 -090 | 364 | Ke 
fe) 
61-7 1X Ho I 325 1.3 3.0] 1972 55 120 29 saad .377 | 1% | .090 | 1364 | 1362 
61-71X4 I .325 1.6 3.0| 2170 65 120 ee -630 377 | 286s -090 1564 | 142 
65-75 X}8 46 Roller 306 iat Ricca || eee) 44 120 .28 2505 | .382° |) Sx -045 Yaa He 
peat e 72 bs 306 1.3 3-0 | 2608 55 120 -30 5675, -382 | 542 045 | ‘ha | He 
5-75 X}4 44 . 306 1.6 3-0 | 2904 65 120 -32 630 | .382 52 045 | 'Stéa | 144 
80X1h % (ee -306 2n5 6.2 2400 83 250 -425 723 -447 Se -045 1564 | libs 
101X He I Block w325 ayy 4.0 2352 56 160 = 5 / ) 
oO . -3 9 80 | f ‘ 3 2 
eee: I ve 325 D7, 4.5 2404 68 180 a és3 a / ic | a6 Hrs 26, 
y I +325 ang 5.0 | 2556 92 200 -46 783 380 | His 056 | 152 | 2h 
| 
101X% 5 ipo, 325 4.6 7.5 2710 183 300 82 ¥.423 / -380 ; He | +056 | 1542 2h, 
102 X 44 I Block 325 Taal 30a 2135 | i / 
) 9 3 : 45 I < a i 
102 X Ho I “ 325 Ted 4.0 2225 56 = a por | a ie | os i 2 ae 
102 X38 I -325 1.7 4.5 2318 68 180 -42 -658 | .380 | He 056 1 Ye 2b, 
102X% I = 325 203 5.0 2453 i 
= : 7 i 92 200 -50 -783 380 ie 6 155 2 
103 X44 I 05 2 Ves 
oa it as | rE ga) gus | 4g us | cag | aoa | cago | fe | cose | at | ie 
103 X36 I . 325 1.7 5.1 | 2318 68 205 ee “bea 380 | 36 ae 72. 2G 
+325 2.3 6.3 2453 92 250 -50 -783 | .380 | He 056 | 1532 | 2hee 
Double -32 -6 { ) 
103X% I beck 325 4 9-4 | 2598 183 375 90 1.423 | .380 Me | .056 | 1342 | 2h 
105 X 1 | 
msey (ig | ce | aa a) Bee Be] ee | cee ce |e | oe 
147-149 X14 56 Roller :400 2.1 6.2 18 = oP ae ha ane st mi 
, . : 57 83 250 -475 -607 551 se °. : j 
3 56 S's | Me 
147-149 X% 54 - 400 2.7 Sar I 
ia za 5 z F 993 108 25 | .6 5 5 
ee 14 ie 625 6.3 19.0 636 253 pe eae I aoe Soke or 7 j tre ts 
pees a ¥ oe i ae see = 877 1-69 1.450 “900 3¢ : ee 3k th 
aie 44 ie ee nee 2 994 1.80 1.575 -900 38 ae fk big | 1% 
es 3 -9 1400 106 I ‘ m 
AR = es aes 469 | 3.0 9:0 rg8r | 120 350 +6 oss | cers | cea | com dtp 
153 XY a “ “469 3.8 11.0 | 1608 | 147 442 -86 11063 | (612 | a ne 1342 138 
i 4-4 12.5 I701 175 500 6 5 : ; ; 
153K 34 area are 7.6 18.8 1600 295 750 5 : Ses ts oe “eed isa on 
154 X44 I Roller 625 6 
mH 3 19.0 1863 253 60 2 z 
eT : bs He z 3 ape Bee 292 aes ar aan = tt peo ont te 
: 3 4. 083 | 331 094 Fs 9% ; ” 
mad o4 1.575 820 196 ° 4 1% 
54X56 I (poe e oa 14-6 42.5] 075 | 585 1700 3-280 | 2.621] -820 | 1%. | “090 a we 
1I55X% I Roller 5625 
ot ; 4.4 t32 888 175.6 526.8 zi : 
ert : _ ese ane ace 980 210.8 632.4 oxy is sn | 2 os + Sor 
a 18.4 | 1052 | 246 8 - ; ; . z2, 
sx t Double 5625 10.5 31.6 1106 aaa po ah tae Lda es o90 | Us oS 
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CHAINS We 
TABLE 7.—DatTA FoR THE Desicn oF Morse SILent CHAIN DRIVES 
Notes Pitch, ins... 3 4 9 
4 Munshar re Sheth & eh eieta viavslfeleltely fe lelstsichale 7 To! 4 § 2 Io Jet 0 1} 2 es eh 
Exact outside diameter=D. Minimum number of teeth: a 
When T has less than 2 = i : 
aes an 20 teeth, D Small sprocket driver. ooiha'a ow 13 13 13 3} 3 15 15 17 7 17 19 
pite eter. Small sprocket driven....... alli 29) ay Te 17 21 25 29 29 31 35 37 
When T has more than 20 teeth, D= 
pitch diameter + (2X addendum) Desirable number of teeth i me 
t ' m | 15-17 |r5—-17| 15-17 | 17-21 |17—21] 17-23 | 17-23 | 17-2 ~ — - 
2. Use sprockets having an odd number of | driver sprockets. Z PSE DUR SRL aa Me a ala? 
teeth whenever possible. J 
_ Wh. 5 : ; 2 
3 en i oleae authorized, a larger | Maximum number of teeth in 15 85 99 109 IIs 125 129 120 129 I31 131 
number of teeth than shown may be] sprockets. (See Note 3). 
cut in large sprocket. 
4. Thickness of sprocket rim, including | Desirable number of teeth in 
’ 2 35555)/35-55])55—75 | 55-75 155-9555 10 —Ir IT al ae 
teeth, should be at least 1.2 timesthe | driven sprockets. Slee hoi Bay | eka ce tka ie Ao eae 
chain pitch. E 
5. The number of grooves in the sprocket,| To find pitch diameter of |.1195 | .127 159 | .199 | .239| .2865| .382 | .477 | .636 | .955 |1.2732 
their width and distance apart, varies} wheel multiply number of 
according to pitch and widthof chain. | teeth by (ins.). 
In every case leave the designing and |_——————_____________ 
turning of these grooves to the Morse | Addendum. For outside diam-| 0 (0) .05 400) 2075) |. 09 .12 Aug- .20 .30 .80 
Chain Company. eter of sprockets 20 to 130 T. 
6. The width of the sprocket should be 4| (See Note 12), ins. 
to } in. greater on small drives, and } to | |] —_—__ | —_ | ——_ 
3 in, greater on large drives than nom- | Maximumr.p.m............. 3000 | 2600| 2400 | 1800 | 1200] 1100 | 800 600 400 250 100 
inal width of the chain. 
7. Aneven number of links in the chain and | Tension per inch width chain, 
an odd number of teeth in the wheels are lbs: 
desirable. ; Small sprocket driver........ 40 45 80 100 120 | 150 200 270 450 750 900 
8. Horizontal drives preferred; tight chain | Small sprocket driven........ 30 35 65 80 95 | 120 160 210 350 600 700 
on top desirable for short drives without |——_——_______- = 
center adjustment. Radial clearance beyond tooth 
9. Adjustable wheel centers desirable for} required for chain, ins. 337, -40 | .50 .62 751 .90 Too r5 2.0 3.0 | 4.00 
horizontal drives and necessary for ver- 
tical drives. Approximate weight of chain 
to. Avoid vertical drives. per inch wide, r ft. long, lbs. au} .75 | 1.00 | 1.20 | 1.50] 1.80 | 2.50 | 3.00 | 4.00 | 6.00 | 8.00 
1x. Allow a side clearance for chain (parallel Se Po gl al PF OR at 
to axis of sprockets and measured from | C for solid pinions............]......]-..-- 0045 |.0063 |.009 013 023 | .035 | .058 | .145 
nominal width of chain) equal to the aaatcan | Ge GEL as | eae 
pitch. C for armed sprockets........|... opsdllanitiec .16 25 35) 45 Gh Ta40) 2.0 4.0 
12. Maximum linear velocity for commercial 


service 1200 to 1600 ft. per minute. 
T =number of teeth. 


These data are for use in preliminary de- Pia rece ne tenes: 


sign. Engineering features should always be 
submitted to the Morse Chain Company 
for approval before ordering. 


APPROXIMATE WEIGHTS FOR SOLID AND ARMED SPROCKETS 


C=constant in pounds per inch in face per tooth as per table. 

Weight of armed sprocket=TXFXC. 

Add 25 per cent. for split and 50 per cent. for spring and split sprockets. 
Weight of solid pinion= T2X (F+1) XC. 


1, Note (1) does not apply. Pitch and out-side diameter are the same or equal. 


It should be borne in mind that the silent chain is practically a 
flexible rack, and gives a positive drive. Its use, therefore, is unde- 
sirable where the necessity of some slip exists, such as would be 
‘found in driving punching presses where the accumulated speed of 
the balance wheel does the work of each stroke. In drives having 
an infrequent shock load, due to accident or lack of uniformity of 
material to be worked, a safety or shearing pin sprocket is fitted as 
a safeguard. 

In regularly intermittent service, such as air-compresser driving, 
a spring sprocket wheel is always desirable and sometimes necessary. 
In drives subject to sudden overloading and heavy shock, a shearing 
or safety pin is often fitted. These chains are regularly used for 
transmitting loads up to 1500 h.p. 

The following observations explain more fully some of the informa- 
tion given in the table: 

The limitation ofthe desirable number of teeth in the large 
sprocket, given in the fourth line of the table, is intended to give a 
reasonable provision for the increased pitch of the chain due to use. 
Asis well known, the chain gradually engages the sprocket at increased 
diameters as its pitch increases, and, with too large sprockets, the re- 
duced ratio of pitch to diameter reduces this provision below the de- 
sirablelimit. The callin note 7 foran even number of links in the chain 
is intended to eliminate the special link which an odd number of links 
require. This can usually be brought about by a slight adjust- 


ment of the center distance. The call in the same note for an odd 
number of teeth in the sprockets is intended to provide a hunting- 
tooth effect, by which all parts of the sprocket-tooth faces are suc- 
cessively engaged by the links. While this is a desirable it is not 
an essential feature, and when exact speed ratios which call for an 
even number of teeth are required, such teeth may be used without 
hesitation. 

The preliminary design of Link Belt silent chain drives may be made 
in accordance with Tables 8 and g which have been supplied by the 
Link Belt Co. 

In applying silent chains of any type, the following suggestions 
should be considered: 

Drives should not be vertical if such arrangement can be avoided; 
if vertical or nearly so make the center distance between shafts short; 
a long vertical chain will tend to drop away from the teeth of the 
lower wheel, causing bad chain action. 

Provide means for adjusting the distance between shafts. This 
will facilitate the installation of the chain and will, in some cases, 
prolong the life of the drive by making it possible to take up wear. 
On extremely short center drives the adjustability is not as essential 
if care is exercised to make the center distance such as will keep the 
chain without slack. 

Do not run chains tight; initial tension is not necessary, and it 
increases the bearing pressures in both chain and shaft bearings. 
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TaBLe 8.—CAPACITY oF LINK BELT SILENT CHAINS 
pase ae 500 | 600 | 700 | 800 | 900 |1000) 1100 | 1200 |1300|1400 
n. t 
Nom.| 8] Face 
oitcht 60| of | H.p/H.p |H.p |H.p |H.p |H.p | H.p| H.p H.p |H.p |H.p 
4 & |wheel 
t i 258) .66) 272) (78). .82) -88) ".07)| 205 
2 1d .87| .98/1.07|1.16|.122|1.30| 1.38] 1.42 
I th |r.16/r.31/1.43/1.55|/1.63|1.73| 1.82] 1.89 
ee re | 13 [z.45|1.64/1.79]1.91|2.04/2.18] 2.28] 2.36 
ry | 2 I.74|1.97/2.15/2.30/2.45|2.60| 2.73] 2.83 
2 2k |2.32|/2.62/2.86|3.08/3.27/3.46| 3.64] 3.78 
3 | 33 |3.48]3.91/4.28|4.61|4.80|5.22| 5.46] 5.67 
4 | rt .84] .95|/1.04/1. 11/1. 19/1.27| I-33} 1.38/1.42 
2] 13 |£.26/1.40/1.56]/1.70/1.79|1.91] 1.99] 2.07|2.13 
I r& |1.68/1.809|2.08|]2.25|2.34|2.54| 2.65] 2.76|2.84 
x” | 13 | 2% |2.52/2.01/3.1213.44/3.57/3.88] 3.98] 4.14/4.25 
2 2& |3.37/3.82/4.17/4.48|4.77|5.10| 5.30] 5.52|5.68 
3 | 3% |5.05/5.73)6.25/6.75|7.15|7.60] 7.95] 8.29|8.50 
4 A& |6.73/7.64|8.30]9.00/9.53/10.1/10.6 {11.1 |11.3 
I rg |2.22/2.51/2.74/2.9613.1513-33] 3-50] 3.64/3 75 
IZ] 1% |2.77|/3-15/3.41/3.71/3.93|4.18] 4-37] 4.54|4 70 
1} | 2%6 |3-33/3-76|4.12/4.43/4.72|5.00] 5.25] 5.45|5.62 
Pi 2 276 |4.43|/5.02/5.47|5.91|6.30/6.67| 7.00] 7.28|7.50 
3 | 338 |6.6s|7.52/8.22/8.88/0.45|10.0/10.05|r0. 0911.2 
4 4t 8.86|10.0/10.9/11.8/12.6/13.3/14.0 |14.5 |15.0 
6 $ |13.3/15.0|16.4/17.7|18.9|20.0/21.0 |21.8 |22.5 
I IF |2.85/3.22/3.5113.78/4.0514.37| 4.48| 4.65)4.82 
tt | 2% |3.56|3.98]/4.30|4.70|5.06|5.30| 5.60] 5.78,6.02 
tk | 23) |4.27/4.85|5.27|5.67/6.10|6.40| 6.72] 6.9817.23 
Ae} 2% |5.68/6.42/7.03/7.56|/8.10|8.55| 8.95] 9.31/9.63 
3 3t |8.55|9.63|10.5|11.4|12.1/18.8|/13.4 |14.0 |14.5 
4 | 4% |r0.4|/12.8|14.0/15.1/16.3/17.3/17.9 |18.6 |19.3 
6 6% |zr7.1/19.3/21.1/22.8 24.3/25.7|26.8 |27.9 |28.9 
2 2% 7 7.02 |8:.65|9.33|20. |ZO.5|10.9 11.4 |rr.8 
24 | 3t 9 |IO.1/1r.1/r2.0/12.9]13.5/14.1 |14.7 |15.2 
; 3 3% |r |r2.4|13.6/14.6/15.7|/16.5|17.2 |18 18.6 
1 |4 | 4% |r5 |16.9/18.6l20 Jaz.5|22.5|23.5 |24.6 |25.4 
5 54 |19 |2r.5|23.5|25.2|/27.2|28.7|20.7 |3r.1 |32.1 
6 618 [23 |26 28 .5|30.5/32.9134.5|36 37.6 |38.9 
8 | 848 [31 |34.9138.4]4r.2144.3|46.3/48.5 |50.7 [52.4 
2 3 O.FiTT.OMELO|ES 1E5 58174. 6125.3 115.0 116..4)16.7 
3 4 £5327 -3/18.7/20.3|22h..7|22. 9124.2 (25 25.7|26.5 
4 5 20.8/23.5/25.5/27.6|20.6|31.2/32.6 134.1 |35.1/36.2 
a Ng 6 26.3]29.8/32.3]35.1|/37.5|30.7/41.6 |43.2 |44.5|45.8 
6 7 31.8/36.2139.1/42.7145.3148.2/50.3 |52.2 |53.8/55.5 
8 9 42.8/48.5|52.7|57.2/61.2164 |67.8 |70.3 |72.5174.6 
TON yee 54.1/61.3/66.5/72.2/77.1/81.2/85.6 |88.7 |or.4|04.1 
3 4 20.1/22.7/24.7/26.9/28.7/30.3/31.8 |33 34). 13o.* (35-7 
At 5: 27.5/31.1/33.7|36.6/39.1/41.2/43.4 |45 46.4/48 148.7 
5 6 34.8/39.3]/42.7|46.3/49.5/52.3/55 57 58.7|60.7\/61.6 
yO: if 42.2|/47.6|51.8/56.3/60 |63.4/66.5 |60 7I.1/73.5|74.7 
8 9 56.7/64.2/69.7/75.7/81 |85.2/80.7 |o3 95.8/99 101 
|Io (|Ir 71.4|80.7|87.7/95.2| 102] ro7|r13. «| r17 I21| 124] 127 
Toe Ts 86 |o7.3] 106] 115] 123] 120/136 |r4x I45| 150] 152 
6 Tits |56.1/63.5| 60] 75] 80/84.3/88.8 |o2 94.8|07.5|90.6 
8 Ors |75.7/85.6| 03] ror] 108] r1r4|/r20 |r24 128] 131| 134 
Hi |10 IIys |95.2| 107| r17| 126] 136 I43/I5r |156 161} 165] 1690 
lee 13a" | 114] 120] r41| 153 164] 172/182 |188 I9O4]} 190] 204 
14 |r5x5 | 134] 152] 165] 179] zo1| 201/212 |220 227| 233] 240 
16 |17%#5 | 154] 174] 180] 205] 220] 231 243 |252 260] 267| 273 
6 “4 73|82.7| 90] 98] 104] r10/116 |120 I24] 127] 130 
8 94 100} I13} 123] 133] 143] 150/158 |164 160] 174] 178 
24” IO. =(|114 126] 143] 155] 168] 180] 190/200 |207 213] 220] 224 
12 |13% 153] 173] 188] 204] 218] 230/242 |as5r 250| 266] 272 
|\I4 |152 179] 204] 220) 240] 255] 270/284 |204 | 303] 313] 318 
16 117% | 206] 235] 2531 274! 204] 310/326 |338 | 348] 350] 365 


TABLE 9.—DaTA FOR THE DESIGN OF LINK BELT SILENT CHAIN 


This table is based on standard practice and is to be used for prelimi: 


1500 design only. Consult the makers before final design is adopted. 


5 = Driven 
Teles saat et 
ga 3 Driving whe chert Fe 
ad a on 
aed [Pe d 3 s d z ara 
rs) g F 3 J , 
a1 82 | 841/333] $/] $14 a8 3 | $3 
| 2s/22/23/8)3/¢_,/ 28]. | 2] e3 
| rs aes BS x Ee! ARES Meee wn oe 
° x | a OO] Fag 6 ro) ae x 7, re) 20 
oo je ° ee war - ° 3 Bo ei - i) 
e q = = F ° x 6 S “+s & 8 & S = g & 
8 E ° a Sm wae 42)/gelq“|33| 4 See 
2 Pkg if| wo Fs] ae er en sees 2 
— 3 & 2 & a. 9 & les & 
A Ry] @ 5 3 5.0) Poe oe Sl os ae 
Oo PF oi} ~ Zz D & ot FSI » 
ee | ied a | Bl = & ae 
Gio aS a} cs % a ws io] 2 
as | 3 & al|s ae a = 
is i S S as s 
Bile Does Dae 
3” .12 he ae 17 | 100 | 2260 | 1200’| 19 | 150 J 
o 
wv .16 as 17 | 100 | 1835 | 1300’| 19 | 150] bo as 
Pee .20 a i 17 | 100 | 1467 | 1300’ 19 | 150] Sg 2 
ae .24 5 ie is 17 100 | 1223 | 1300’! 19 | 150} €— e 
is 732 “” Fd 17 | 100 | 918 | 1300] 21 | 150 5 35 
14” -40 134” me 17 | 100 791 | 1400’] 21 | 150 2 a 
13” -48 13” = 17 | 100 705 | 1500’ 21 | 150} 3 ze s 
2! .637 | 2” he 19 | 100 474 | 1500’] 23 |] 150] Q = 
AYO OO Za Wt ae 19 | 100 378 | 1500’| 23 | 150 


The loading of hoisting sling chains as recommended by the National 
Founder’s Association is shown in Table to, which gives the loads 


for each single chain of the best grade 


tested, short link grade. 


of wrought iron, hand made, 


TABLE 10.—SaFE Loaps oF Hoistinc CHaArn Sines, LBs. 
When handling molten metal the chains should be 25 per cent 
stronger than these figures 


Diam. of 
iron, ins. 


1,200 


4,000 
5,500 


9,500 
12,000 
15,000 
22,000 


The retarding moments of band brakes may be obtained from the 
formula by E. R. Douctass (Amer. Mach., Déc. 19, 1901): 


M=P(K— »s (a) 
in which M-=retarding moment, lb.-ins. 
P=force pulling free end of brake, lbs., 
d=diameter of brake drum, ins., 
K=a factor such that 
com. log K=.00758 fe, 
f=coefficient of friction, 
c=angle of drum embraced by band, degrees, 
all as shown in Fig. 1. 
The value of M may be found from Fig. 2, which is plotted for 
P=1 and d=1o0. To use the chart find M for the arc of contact 


_ and the assumed value of f and multiply the result by the value of 
: d 
P and by the ratio of Be The plotted values of f are: 


Cork inserts on metals, f=about .33 


Leather on metals, f=about .4 
Leather on wood, f=about .3 
Metals on wood, f=about .2 
Metals on metals, f=about .2 


See also end of section. 
The pulling force at the free end of the strap being known, that at 
the fixed end may be found from Fig. 4. 
_ The width of the brake band may be found from the following 
formulas, adapted from those by R. A. GREENE (Amer. Mach., Oct. 8, 
1908) which give the practice of the Browning Engineering Co., 
4MX 
F = aS (b) 
in which F=width of drum face, ins., 
M =retarding moment as found from (a) or Fig. 2, 
X =a factor from Table 1, 
d=diameter of drum, ins., 
S =a limiting factor which should not exceed 65. 
Assume a brake drum of diameter d=30 ins., a pulling force 
P=1500 lbs., an arc of contact of 260 deg. and a metal strap ona 
metal drum. From Fig. 2 we find, for a pulling force of 1 lb. anda 


- drum diameter of ro ins., a value of M of 7.3, giving for the actual case 


M=7.3X 1500X*- 
= 32,850 lb.-ins. 
From Table 1 we find the value of X to be 1.68 and hence from (0) 
4X32850X1.68 
= goo X 65 
=3.8 ins. or, say, 4 ins. 


F 


Next we check against the speed by the formula: 

R=SXdX.262Xr.p.m. (c) 
in which R= a factor which should not exceed 54,000 according to 
Yale and Towne practice, or 60,000 according to Brown Hoist prac- 
tice. If r.p.m.=100 we find: 

R=65 X30X.262X 100 

= 51,090 
which, being below the limiting value, we conclude that the brake 
will answer although near the limit. Had the value of R gone above 
the limit it would have been necessary to assume a wider drum and 
by substitution in (b) found a smaller value of S which, substituted 
in (c), would have brought the value of R below the limit. 


BRAKES 


The differential hand brake, Fig. 3, 1s more used in Europe than in 
the United States, where some attempts to use it have met with fail- 
ure because its principle was not correctly grasped. In Fig. 3, @ 
represents the weight to be lifted by the rope drum 6. At c is the 
brake drum, the ends of the brake strap beng atd ande. The direc- 
tion of motion when lowering the load being that shown by the arrow 
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Fic. 2.—The retarding moment of band brakes. 


it follows that the end d of the strap carries the load, this end being 
commonly attached to the frame and the application of the brake 
being made by tightening e, which is attached for that purpose to the 
end f of a bell crank which is operated by the brake lever g. With 
the differential brake, however, the end d is attached to an additional 
arm h of the bell crank, the action being that the tension in d tends to 


175 


176 


tighten e and thus apply the brake, and it is on the ratio between 
the arms f and / that the design hinges. 

The two ends of the brake strap are under the same conditions 
as the slack and the tight sides of a belt. It is obvious that if the 
strain on d be, for example, twice that on e, and if the length of h 
be slightly more than half that of f, the brake will apply itself when 
the drum is releesed from the engine which hoisted the load, and if 
the load is to be lowered at all the brake must be released by hand. 
On the other hand, if the length of h be slightly less than half of f 
the brake will not apply itself, the action of the tension on d serving 
merely to reduce the pressure which must be applied to g in order to 
hold the load. 


TABLE I.—FACTORS FOR THE WIDTH OF BAND BRAKES 


Exe 
Degrees oe | ae | 74 
180 2rd 1.64 1.40 
195 2.03 1.56 Te35 
210 1.93 1.50 1.30 
240 1.76 I.40 T2323 
250 Teg fB bes 7i I. 21 
260 1.68 1.35 I.19 
270 1.64 1.32 1.18 
280 1.60 130 ite, 3077 
290 TS 7 1. 28 aiege is 
300 1.54 1.26 1.14 


TABLE 2.—COEFFICIENTS FOR DIFFERENTIAL BAND BRAKES 


Fraction of cir- Value of coefficient of friction 
cumference em- 


braced by brake 18 | i ecco ery, 


Ratio between arms 


strap 
.5 1.76 2.41 2.82 4.38 
6 1.07 Dey) Bor 5.88 
a7) 2) Oe Beas 4.27 7.90 
8 QnA 4.00 Be 2G 10.62 


Table 2 is the work of H. A. Vezin and represents the practice of 
the F. M. Davis Iron Works Co. (Amer. Mach., Nov. 23, 1905). It 
gives the ratios which the arms f and # must bear to each other in order 
to give the limiting condition between those described; that is, in order 
that the brake may be self applying, the arm /# must be slightly 
longer, and in order that it may need help applied to lever g, it must 
be slightly shorter than the figures given by the table. 

For coefficients of friction other than those used by Mr. Vezin, 
Mr. Brown’s chart for the ratio of the tensions, Fig. 4, may be used, 
as it gives the same results as Mr. Vezin’s table. 

Certain band-brake calculations are more readily made with the aid 
of Fig. 4, by Jas. A. Brown (Amer. Mach., Apr. 19, 1906), than with 
Fig. 2. The relation of the tensions in the two ends of the strap is 
given by the formula: 


: ah 
log. K =log. 7,7 2.729 fn. 


in which 7; =lesser tension, 

T:=greater tension, 

f =coefficient of friction 

n= fractional part of drum embraced by strap. 
The value of K =3 Find the 
product of fXm on the right-hand vertical, trace horizontally to the 
curve and then downand read the value of K. For example, with a 
coefficient of friction of .33 and one-half the circumference in con- 
tact, the product is .165, giving a value for K of 2.82. This 
chart is also useful in belt and other calculations relating to wrap- 
ping friction. 


may be obtained directly from Fig. 4. 
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The retarding moment of block brakes, Fig. 5, after wear has brought — 


‘about uniform contact, may be found from the formula (E R. Douc- 


Lass, Amer. Mach., Dec. 26, 1901): 
M =; JQdf 
M=retarding moment for one block, lb.-ins., 
Q=force pressing block on drum, lbs., 
d=diameter of brake drum, ins., 
f =coefficient of friction 


iF = 

I— 3 sin? (2) 

b being the angle subtended by one block, degrees. For more than 
one block multiply by the number of blocks. Values of J may be 
taken directly from Fig. 5. Values of f have been given in the dis- 
cussion of band brakes. 


in which 


Fic. 3.—The principle of the differential band brake. 


The retarding moments of axial brakes, Fig. 6, after wear has taken 
place, may be found from the formula (E. R. Douctass, Amer. Mach., 
Dec. 26, 1901): 
d-+d’ 

4 
in which M =retarding moment for one block, Ib.-ins., 

X =force pressing block on disk, lbs., 
d=external diameter, ins., 
d’=internal diameter, ins., 
f=coefficient of friction. 

For more than one block, as in the Weston multiple disk brake, 
multiply by the number of friction surfaces in contact. Values of f 
have been given in the discussion of band brakes. 

The surface of brake drums should also be sufficient to provide 
for the dissipation of the heat generated without undue rise of temper- 
ature, and this obviously depends on the frequency of the service. 
No comprehensive study of this subject has been made so far as the 
author is aware. According to E. R. Doucrass (Amer. Mach., Dec. 
26, 1901) for such brakes as are used on electric cranes, where the work 
is severe and constant, good results are obtained with a provision 
of 1 sq. in. of wood or leather frictional surface for every 200 
or 250 ft.-lbs. of energy to be absorbed. When the brake is less often 
called into service these figures may be much exceeded. The brakes 
of railway cars, which operate under the most favorable conditions 
for keeping cool, are of metal and are used less frequently, are required 
in extreme conditions to absorb as much as 20,000 ft.-Ibs. per sq. in. 
of brake shoe. This service tears off and ignites the metal and the 
shoes must be frequently replaced. According to P. M. Heipt 
(Horseless Age, Aug. 28, 1912), hub brakes of automobiles (pleas- 


M=Xf 
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ure cars) should have r sq. in. of surface for each 15 lbs. weight of 
the car, while on commercial vehicles the ratio should be x sq. in. 
for each 30 lbs. weight of car. Assuming 20 and so miles per 
hour respectively,as the average speeds to be dealt with in stopping 
the cars, these figures give 240 and 10 ft.-lbs. of energy per sq. 
in. of surface. 


The band brake is not so much used on large hoisting engines as 
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ing movement. The block brake withdraws posit vely and leaves a 


large portion of the drum exposed, thus favoring the dissipation of 
the heat. 


A Superior Hoisting Brake 


A superior and very large brake is shown, in principle, in Fig. VE 
It was applied by the Nordberg Mfg. Co. to the main hoisting engine 
of the Tamarack Mining Co. 
(Amer. Mach., Sept. 21, 1899), a 


Te 


Pull 


brake being applied to each end 
of the hoisting drum. 

The brake consists of a pair of 
jaws AAj, adapted to grip the 
brake wheel, the surfaces in con- 
tact being basswood and cast- 
iron. The jaws are supported by 
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a pair of carriers or anchors, BB, 
which, as they have to prevent 
the jaws from partaking in the 


+25 


rotation of the drum when the 


brake is applied, have to be 


securely anchored into the foun- 
dation. The jaw A carries a pair 


20 
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of levers CC,, the short end3 of 


ESS 


which connect by means of rods 


DD, to end of jaw A, while the 
long arms connect to a lever’ E 


= 
Seaesece 


by means of two rods FF;. E 
carries a weight G sufficiently 
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Coef, of Friction X Fraction of Cireum. 


heavy to furnish the braking 


power necded, By asteam device 


i | H and lever I the weight can be 
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See ee 


applied or released. Lever E is 


held in the jaw A, but as the pins 


on which rod F connects to lever 


fe 
1 


4 
Values of K 


5 6 


Fic, 4.—The ratio of the tensions in band brakes. 


Values of J 


Values of 0 
Fic. 5.—The coefficient of block brakes. 


» formerly, partly because of the fact that it completely surrounds the 

drum and interferes with the free dissipation of the heat and partly 

because it does not positively withdraw from the drum when 

loosened, but consumes power and generates heat during the hoist~- 
12 


£— are equidistant each side of the 
fulcrum, there is no reaction due 
to the forces in rods FF; on jaw A. 
All parts shown on Fig. 10, except 
steam device and rock shaft for 
lever J, are in duplicate at the two ends of the drum. In order to 
secure a parallel motion of the jaws to prevent the lower portion 
gripping first, the parallel rod J is used. Its action is plain if it is 
stated that its length is equal to that of the carrier B, making the 
action of the brake like a parallel motion vise. K, Ki, Ke, Ks, are 


-10 
10 


Fic. 6.—Axial brake notation. 


set screws to limit the motion of the brake jaws The steam device 
H is single acting, the steam releasing while the weight sets the 
brake. The connection to hand lever is by a floating lever, 
whereby the piston is caused to follow the motion of the hand lever. 
It is plain that this type of brake is always ready to go on, even if 
the steam should fail, and it is thus as reliable as a hand brake. 
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It is, in fact, more reliable, as it will not allow the engine to be 
started without steam being first turned on. Accidents have hap- 
pened from the opposite arrangement. 
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Bic. 7.—Nordberg arrangement of large block brakes. 


Automatic Brakes 


One of many constructions of automatic load brakes ts shown in 
Fig. 8, by A. D. Witttams (Amer. Mach., Aug. 20, 1903). Inaction, 
the tendency of the load to run down locks the brake, 
which revolves freely in the hoisting direction. When 
lowering, the motor counteracts this tendency of the load 
to lock the brake and the load cannot move until its 
action on the brake is overcome by that due to the 
motor. The brake absorbs the acceleration due to 
gravity on the load, so that it drops at a speed deter- 
mined by the motor. 

Fig. 8 shows a brake of the Weston type. B is a 
ratchet ring free to revolve when hoisting, but held by 
dogs or pawls from turning in the lowering direction. 
A is a retaining ring for holding the pawl ring on the rim 
of the clutch jaw K. Inside of B, between K and the 
thrust collar H, are eight washers, four of wh'ch, marked 
F, are of brass and are free to turn in either direction. 
The remaining four washers are steel, two, marked D, 
being keyed to the pawl ring B by the feather C, and 
two, marked £, being keyed to the collar H by the feather 
G. The clutch jaw K is keyed to the shaft P and held in 
place by the nut N. The thrust collar H is secured to 
a flange on the pinion M. A clutch jaw to mate with K 
is formed on one end of the pinion M, and its bore is 
threaded to fit the screw cut onthe shaft. The enlarged 
portion of the shaft beyond the pinion is a bearing 
whose far end takes the thrust due to the screw. There 
is a bearing beyond the nut WN also. 

The action of this brake is due to the downward pull 
of the load on the pinion. The shaft being stationary, 
presses the thrust collar tight against the washers, so 
that the whole brake is locked from turning in the 
lowering direction, Any motion in this direction 
causes the dogs to engage with the ratchet ring, and no further 
downward motion is possible unless the motor is started to lower. 
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trough for the water which absorbs the heat. 
pipes are provided as shown in Fig. 9, the latter having its end 


Upon starting the motor to lower it turns shaft P and relieves 
pressure on the washers, and as soon as the motor overcomes t 
pressure sufficiently to permit the load to revolve the washers E£, it 
will fall. ‘The friction between the washers overcomes any tendency 
of the load to accelerate. The chamber in which the washers are 
enclosed must be kept flooded with oil, but, nevertheless, considerable 
heat is developed. In hoisting the disks are clamped by the screw 
and the whole brake revolves. “/- 

For brass and steel washers the pressure between the surfaces 
should not exceed too Ibs. per sq. in. 

When designing a brake of this character (G. F. Dopcr, Amer. 
Mach., Oct. 29, 1903) the maximum load is known from the capacity 
of the crane. Assuming some reasonable values for the outer and 
inner radii of the disks, within the-limits of clearance we have at our 
command, we find the average radius of the disks. Dividing the ~ 
moment of the load by this radius, we obtain the pull in pounds that 
the disks must resist at this radius and if we divide this by V times 
the coefficient of friction (which for lubricated surfaces may be taken 
at .o5), we obtain the axial pressure necessary to hold the load, V 
representing the number of rubbing surfaces and being assumed 
such that the pressure per square inch of disk is within reasonable 
limits. The axial pressure having been determined, it is then left 
to find the angle of the helical cam such that it will produce a little 
more than this pressure under the influence of the load upon the pin- 
on, the excess being but a trifle more than sufficient to offset the fric- 
tion between the helical cams. Too small a pitch simply adds to 
the work done in lowering and a consequent generation of heat. 


The Prony Brake 


A construction of Prony brake (due to Professor Sweet) which has 
come into large use, is shown in Figs.g and ro. The brake drumis 
provided with internal flanges about 2 ins. high, forming an annular 
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flattened to act as a scoop. When in action the centrifugal force 
causes the water to revolve with the drum. 

The location of the tension screw and of the gap in the brake band 
should be at the bottom as in Fig. 10, and not at the top as in Fig. Q- 
(E. J. ARmsrrone, Chf. Engr., Ball Engine Co., Amer. Mach., Aung. 10, 
1900.) Thus located, it is subjected to the initial wrapping tension 
only, and is free from the irregular gripping action. This makes it 
feasible to introduce a spring as shown, which, in turn, accomplishes 

_ the purpose of the more complex compensating devices of which 
many have been made. Mr. Armstrong, who has had much experi- 
ence with Prony brakes, finds no difficulty in maintaining loads of 
200 h.p. for indefinite periods and with a greatly improved degree of 
steadiness, 

The crea of the brake surface of Prony brakes may be deduced from 
the experiences of Mr. Armstrong and of the Union Gas Engine Co., 

_ which latter company also has a com- 

_ plete outfit of brakes for testing its en- 
gines (Amer. Mach., July 27, 1905). In 

- both cases the brakes are of the Sweet 

_ pattern, Figs. 9 and 1o, and the brake 
blocks are of maple. 

One of the Union Gas Engine Co’s. 
brakes having a brake drum 30 ins. 
diameter by 20 ins. face has been found 
capable of absorbing continuously 140 
h.p. at 350 r.p.m., while, under con- 

_ tinuous work, it took fire when loaded 
with 150 h.p. 

Mr. Armstrong has a brake with a , 
drum 48 ins. diameter by 16 ins. face, 

_ which absorbs 200 h.p. “without very 
much trouble from the blocks catching 
fire. At 225 h.p. it takes fire every minute or two and 260 h.p. is 
the absolute limit with one man handling a garden hose and devoting 
himself to putting out the fires.” The blocks are kept well greased 
with tallow. 

E. H. Waring has pointed out (Amer. Mach., Nov. 30, 1905) that the 

_ ultimate capacity of the Prony brake is measured by the capacity 
of the water to absorb the heat, which is measured by the drum 
surface alone. When operating below the ultimate capacity, the 
brake absorbs power in proportion to its speed but, as an 
increase of speed does not increase the surface in contact with 
the water, such increase, after the capacity is reached, while 

adding to the work put into the brake, does not add to its capacity 
to absorb it. 

With Mr. Armstrong’s brake 200 h.p. are obviously about equiva- 
lent (perhaps a little more than equivalent) to 150 h.p. with che Union 

Gas Engine Co’s. brake. The Armstrong brake has a total drum 

48X16 X 3.1416 

144 
gives .0838 sq. ft. per h.p. Similarly the Union Gas Engine Co’s. 
30X20 3.1416 
144 
divided by 150, gives .0872 sq. ft. per h.p. From these data we may 
fairly conclude that .o9 sq. ft. per h.p. marks the limit where firing 
is imminent, and this value is further fortified by Mr. Waring’s 
value of .1. 

Mr. Armstrong considers that the amount of block surface exerts 
an influence. His brake has 25 3><16-in. blocks—covering almost 
exactly one-half the circumference. This figure for the Union Gas 
Engine Co’s. brake is unknown. The concordance of the figures, 
however, is a clear index of their reliability. 

_ For brakes without water cocling no data are available, but, 
obviously, the constant should be greatly increased. It is, in fact, 
practically impossible to absorb much power continuously without 
water cooling. 


Fic. 9. 
Fics. 9 and 10.—Customary and improved constructions of the Prony brake. 


surface of =16.755 sq. ft. which, divided by 200, 


brake has a drum surface of =13.08 sq. ft. which, 
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Bass, beech, poplar, and maple are found more satisfactory for 
brake blocks than harder woods. 


The Rope Brake 


The rope brake has found much favor of late years for small and 
medium capacities. It is very flexible as regards capacity and is 
practically free from chattering. 

For the area of the drum surface in relation to capacity, the author 
has no special data. The limiting figures already given for the 
Prony brake (.09 sq. ft. per h.p.) will serve as a guide, remembering 
that, as ropes naturally take fire more readily than wood blocks, 
some increase in the surface provided is advisable. 

Additional data for the design of rope brakes are given by Pror. 
J. C. SmatLwoop (Power, May 28, 1912) as follows: 


KX 
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The simplest form of rope brake consists of a rope wrapped around 
a fly-wheel or pulley on the shaft the power of which is to be measured, 
asin Fig. 11. The ends of the rope are attached to some sta‘ionary 
apparatus through spring balances for measuring the pull which is 
created by previously tightening the rope. The difference between 
the tensions on the two ends is the net force overcome. To vary 
this force, it is necessary only to change the initial tightness of the 
rope. 

The horse-power is obtained from the formula 


_ 2Xradius X 3.1416 X force Xr.p.m. 
B.h.p. = Reco 


or 
B.h.p. =.ooo19 XradiusX r.p.m.X force 

Strictly speaking, the radius of the brake should be taken as the 
radius of the wheel plus the radius of the rope, but, in most cases, 
the radius of the wheel only is sufficiently accurate. 

It is seen that since only the difference between the rope tensiotis 
is needed it is not necessary to measure them separately. Separate 
measurenent, however, allows a form of brake which is easier to 
make, although it is not so convenient to use. 

The form of brake shown in Fig. rr may be applied to a vertical 
shaft, and the rope tensions are measured by the spring balances 
SS, the turnbuckle being provided to vary the tensions. This brake 
is suitable for small torques and high rotative speeds such as yielded 
by an electric motor or a steam turbine. For large torques, at least 
one of the spring balances must be replaced by a measuring device 
having a larger capacity. 

The force on the slacker side of the rope is generally small and 
therefore a spring balance is sufficient to measure it. The use of 
two spring balances, even with small torques, is objectionable as 
they are apt to allow bodily motion of the rope. This may resuit in 
chattering. 

In Fig. 12 one of the balances and the turnbuckle are dispensed with 
by using dead weights on the rope extremity having the greater 
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tension. The horse-power is varied by adding or removing these 
weights. This brake has the advantage that an increase of length 
of the rope does not affect the brake load since such an increase would 
be accompanied by a lowering of the weights only, the tensions 
remaining the same. ; 

The weights should be provided with a stop P, to prevent an acci- 
dentally excessive friction from raising or throwing them. The 
spring balance of Fig. 12 may be replaced by another but smaller 
set of dead weights. Then, when weight is added to one side, enough 
should also be added to the other to produce equilibrium. It isan 
awkward matter, however, to do this nicely, as unavailable sub- 
divisions of weights are at times required. 

The construction of Fig. 12 may be modified by using a single 
heavy weight on the left side and a set of small weights on the right. 
The heavy weight rests on a platform scales so that the rope tension 
on this side is the difference between the platform-scale reading and 
the weight on the scales. The brake load is varied by changing the 
weights on the right side. This device has been found very satis- 
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be carefully determined with the ropes detached, and this 
subtracted from the readings taken during operation. 


Generally, if a brake load is to be carried by an engine for any 
length of time, some provision must be made to withdraw the heat 


generated by the friction to prevent the rope charring or catching 
fire. This is usually accomplished by feeding water into the trough 
formed by internal flanges on the rim of the fly-wheel or pulley to 
which the brake is attached. Usually, another pipe with a scoop- 
like entrance is arranged to withdraw the heated water. Very often, 
however, this is unnecessary, since, if boiling is allowed, the water 
supply may be adjusted so as to equal the evaporation; that is, 
evaporation disposes of the water without allowing the rope to get 
too hot. If the fly-wheel is not too small for the power absorbed, 
this means of disposal will be found effective. 

Air radiation sometimes provides ample cooling when the brake 
pulley is large in comparison to the power absorbed. Thisis particu- 
larly the case when the brake load is to be applied for a short time 
only. 


Fics. 11 to 15.—Rope brakes. 


factory in that fine regulation may be secured with very uniform 
resistance. In this case the net force overcome at the rim of the fly- 
wheel is the heavy weight minus the sum of the scale reading and 
the small weights. 

In some cases there is not room to hang weights from the fly-wheel, 
in which case a brake of the type shown in Fig. 13 is applicable. 
The heavier tension is measured by the platform scales, being trans- 
mitted from the rope end by a lever L, having equal arms. The 
fulcrum is preferably a triangular piece of steel in order to avoid 
friction, but may be a pin, as shown. The handwheel is used to 
make fine adjustments of the load by tightening the rope; the turn- 
buckle may be used for coarse adjustments. 

Fig. 14 shows a form of brake in which the difference of tensions 
is measured directly from a single scale reading. The ends of the rope 
are attached to the cross pieces CC of a wooden frame which rests on 
a platform scales. It is important that stops SS be provided to 
prevent the lifting of the framework, if it is possible for the engine 
to reverse. It should be noted that the weight of the frame should 


Some safeguard is needed generally to prevent the rope from slip- 
ping off the pulley. The rope, likea belt, tends to run to the center 
of a crowned pulley, and where only a single or half turn is used on 
such a pulley no other provision need be made to keep it on. For 
large powers, where a number of ropes are necessary, it is well to 
provide some other means to accomplish this purpose. 

An externally flanged pulley will do this simply; if one is not avail- 
able, blocks like that shown in Fig. rs may be fitted to the rope. 
This shows a block suitable to a single turn, or less, of double rope. 
Enough of these blocks should be fastened to the rope to hold it 
securely to the wheel. 

Except for light powers, it is better to use double rope, as this pro- 
vides more surface to resist wear without altering the desired relation 
of the tensions. 

It is preferable to attach the device for adj usting the rope tension 
to that end upon which the tension is smaller, namely, the end which 
points in the direction of rotation. The preference is made because, 
the force being less, it requires less effort to change it. 


If two spring balances are used the springs should be of different 
stiffness; otherwise their vibrations are likely to synchronize and a 
chattering will result. 

The design is usually adapted to the size of pulley or fly-wheel at 
hand. It is first necessary to ascertain if the available pulley is 
large enough. 

To determine the size and number of ropes, there must first be found 
the net force which the brake must handle; that is, the force which 
will be indicated upon the scale, or the difference of the forces if two 
scales are used. To find this: 

Multiply the horse-power by 5250 and divide the product by the 
radius of the wheel in feet and the number of revolutions per minute. 
The final quotient will be the net tension. 

It is well here to emphasize the meanings of the terms net forcé 
and rope tensions. The net force is the effective force overcome by 
‘the engine. The rope tensions are the forces existing in the ends of 
| the rope and their difference equals the net force. The tension in the 
tight end of the rope is therefore greater than the net force, and the 
“rope must be strong enough to carry this tension. 


TABLE 3.—RatTIo OF TENSIONS IN RopE BRAKES. CALCULATED FOR 
_A COEFFICIENT OF FRICTION OF .4 


Number of turns | Ratio of greater ten- Ratio of greater to 


rope sion to net force lesser tension 
3 I.40 SoG 
2 1.18 6.59 
I I.09 I2.3 
rt 1.05 23.2 
1% I.02 43-4 


The relative values of the rope tensions depend upon the number 
of turns around the wheel and the condition of the rubbing surfaces. 
Table 3 gives quantities that will reduce the calculations for design 
in the general case. 

The data apply to well worn manila rope on smooth pulleys. This 
table gives the ratios of the brake forces for various numbers of rope 

turns. From it is seen, for instance, that with a half turn, the greater 
rope tension is 1.4 times the net force and 3.51 times the lesser tension. 
It follows that to find the greatest tension resisted by the rope: 
Multiply the net force by the figure in the second column of Table 3, 
corresponding to the number of turns in the first column. 
Using this result, a suitable rope to carry the load may be selected 
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from Table 4. This gives the working strength of good manila rope 
of three strands, a factor of safety of about five being used. The 
rope is listed according to its largest diameter. 


TABLE 4.—STRENGTH OF ROPES 


Diameter, ins. | Working strength, lbs. 


3 300 
8 450 
i 700 
q 1000 
I 1300 
14 1700 
1} 2100 


In selecting the rope provision should be made for the weakening 
effect of wear. 


Coefficients of Friction 


The most recent determination cf the coefficients of friction for the sub- 
stances commonly used in brakes are those found by the tests of the 
National Brake and Clutch Company as follows: 


Materials Coefficient 

Metal and cork 

(eatherandicorkcss;) on diymetalsn-s see cena 235 
Fiber and cork 

Metal and cork 

ieatherandicorkus ys onvoilys metalseeere eran hee 32 
Fiber and cork 

Fiberontdryametallesm nce Mae cco eats, ee a27, 
ibermoneorlsc metal sac tier ak Motu eect ceo eee eee .10 
Meatheriondrysmeta leeway. acetate eee eee omen .23 
iceatheronroily metal: mec ace we ee eran eee ar5 
Charredtleatherontoily;metalize qe ee See eee .08 
Metalion dry metal cen. nce ela ane eater aS 
IMetalton-oilyametalloss cerca rut oe eee re a .07 


The coefficient will vary with the condition of the contacting sur- 
faces. Smooth and unyielding surfaces offer less resistance than 
rough and yielding ones. In metal to metal contacts different metals 
are usually employed for the opposing surfaces, as bronze and steel 
in plate clutches and cast iron and steel in brakes of the shoe type. 


FRICTION CLUTCHES 


, 


Every small and medium-sized planer is an illustration of the 
perfection of action of a shifting belt acting as a friction clutch when 
properly proportioned and under loads that aze not too great. The 
shifting belt, when applied to lathe and other machine-tool counter- 
shafts, is not satisfactory because its speed is too low, leading to the 
loss of that smartness and promptness of action characteristic of 
planer belts. Were counter-shaft belts driven at the speeds of planer 
belts, their action would be just as satisfactory. 

The most satisfactory analysis of friction clutches known to the 
author is that by Jonn Epcar (Amer. Mach., June 29, 1905). Mr. 
Edgar takes as his design constant the product of the coefficient of 
friction and the unit pressure between the surfaces and thereby 
eliminates preliminary assumptions of that most uncertain factor, 
the value of the coefficient of friction. His constant is, of course, 
equal to the unit tractive force of the surfaces, this way of looking 
at it giving a more tangible idea of its meaning. The analysis was 
originally offered for expanding ring clutches in which an internal 
split metal ring is expanded against the interior surface of a surround- 


TABLE I.—DIMENSIONS OF EXPANDING RING CLUTCHES 


The example is for h.p.=40, Edgar’s constant= 50; r.p.m.=100 
giving, for diameter=1o ins., breadth = 3.23 ins. or, for diameter= 20 
ins., breadth=.8 in. 

The values of Edgar’s constant given on the chart have been ob- 
tained as follows: 

For expanding ring clutches, metal on metal, Mr. Edgar compared 
actual clutches with the formula and found the value of C to range 
between 50 and 100. Table 1 of dimensions of actual clutches of 
the same type is supplied by C. L? Urcner (Amer. Mach., June 24, 
1909), column 11 giving Mr Edgar’s constant, having been added 
by the author. In all of Mr. Utcher’s cases the expanding rings are 
of cast-iron while the rings into which they expand are of cast-iron 
or low carbon steel (about 35 points carbon). Mr. Utcher says 
that “‘in case 9 clutch fails on very heavy cuts which are quite within 
the capacity of the machine otherwise” and for this reason the 
average has also been given with this clutch omitted. The average 
value thus obtained agrees quite closely with Mr Edgar’s lower 
value, while the other cases, excluding 9, indicate that his higher value 
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ing metal drum, but it is applicable to nearly all types, materials and 
duties, provided the constant is obtained from successful clutches of 


the type and subject to the duty in question. 
d*b X r.p.m. 
hp.=CLeXEp-m. 
40120 
in which 


C=Edgar’s constant=coefficient of friction X radial pres- 
sure, lbs. per sq. in.=tractive force of friction surfaces, 
lbs. per sq. in., 

d= diameter of friction surfaces, ins., 

b= width of friction surfaces, ins. 


This formula may be solved for several types of clutches by Fig. 1 
by Pror. J. B. Peppre (Amer. Mach., Aug. 8, 1912) the use of 
which is as follows: 

Join the given horse power with the suitable value of Edgar’s con- 
stant and note the intersection with axis I; join this intersection with 
the given r.p.m. and note the intersection with axis IT. Any values 
of diameter and breadth lying in a line passing through the intersec- 
tion on axis II will transmit the given horse power at the given speed. 


Mr. Edzar’s formula is: 
3 


is admissible, especially as Mr. Utcher says, “from careful observa- 
tion of the condition of the clutches after several years’ running, I can 
assert that, without doubt, any of the clutches is capable of trans- 
mitting the full power, as given in column 2, for an indefinitely long 
period of time.” 7 
In Mr. Utcher’s clutches the surface of the rings was interrupted | 

F 

7 


by grooves about a quarter of an inch in width cut transversely in 
order to permit the lubricant to escape. Experiment shows, he says, 
that this practice increases the driving power of the clutch about 20 
per cent. for the same applied pressure. C. W. Hunt (Trans. A. S. 
M. E., Vol. 30) cut such grooves } in. wide by yy in. deep in increasing 
numbers and found a progressive improvement in the prompt engage- 
ment of the clutch until the grooves were spaced a little more than 
1 in. apart. 

The diameter of clutches of this type should be large in proportion 
to the width, and the expansion ring should be stiff enough to prevent 
its expansion by centrifugal force. The pressure should be applied 
by some form of toggle or bell crank mechanism by which the pressure 
increases rapidly at the end of the movement, Thus equipped, 
Mr. Utcher says that in his clutches “in no case is the span of move- 
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ment more than 15 ins., nor the pressure needed more than can be 
comfortably applied by one hand.” 

Within the limits of uncertainty of the value of the coefficient of 
friction, the value of the tangential force required to push apart 
‘the ends of the expanding ring may be obtained by the relation that 
exists between radial and tangential forces, ‘as in steam boilers, for 
example. Thus we have ar 
Cdb 
aft 
J being the coefficient of friction and the remaining notation as before. 
For the imperfectly lubricated metal surfaces used in clutches of 
this type, f may be taken at .1. 

For clutches with jaws of wood working with drums of cast-iron and 
intended for occasional engagement (line shaft and similar service) 
Henry Souruer (Trans. A. S. M. E., Vol. 30) gives dimensions of 
four clutches by the Dodge Mfg. Co. of powers ranging between 
25 and 08 h.p. at roo r.p.m. The wood blocks were of maple and, 
_with the dimensions substituted in Mr. Edgar’s formula, the clutches 
-yield values of C of 16.4, 15.9, 14.1, and 16.9 respectively, or an aver- 
age value of 15.8, for which we may use 16. 

_ When the wood blocks do not embrace the entire circumference, 
suitable correction must be made for the value of 6 when substituting 
in the formula or when using the chart. Thus, if the blocks embrace 
one-half the circumference, the value to be used for b is one-half the 
actual width of the blocks, and so for other fractions of the circum- 
ference embraced by the blocks. 
- For the cone clutch it should be remembered when applying the 
formula, that the pressure factor in C is the normal pressure per sq. 
in., and that, for d, the mean friction diameter is to be used. The 
same values of C are applicable for the same materials and services. 
For iron oniron surfaces, values of C have been given and those 
for other surfaces follow and have been incorporated in Professor 
_ Peddle’s chart. 
_ For cone clutches having wood on iron surfaces and used under the 
conditions of frequent service, two hoisting clutches by the Lidger- 
wood Mfg. Co. were examined by the author and gave values for 
C of 9.1 and 10.4 respectively, of which the mean is 9.75 or, say, Io. 
For leather faced cone clutches with the opposite engaging surface 
of metal and used under the conditions of frequent service, a hoisting 
clutch by the C. W. Hunt Co. was examined by the author and, 
under successful operating conditions, gave, for C, a value of 14. 
On one occasion this size of clutch was overloaded and the leather 
facing failed. The value of C for this condition works out at 20 3, 
indicating that, for the materials used, 14 is a safe value. Mineral 
tanned leather is used by the C. W. Hunt Co. for clutch facings, 
and is found to be more serviceable than oak tanned leather. For 
the latter material a smaller value would seem appropriate and, in 
_the absence of other data, we may, for it, take 12 as a safe value. 

For leather faced cone clutches with the opposite engaging surface 
of metal, under the conditions of automobile service, six automobile 
‘clutches of medium and moderate powers (4 cylinders, of which the 

largest was 5514 ins.) were examined by the author, calculated not 
rated horse-powers being used. The resulting values of C were 2.01, 
3-32, 2.83, 2.4, 2.85, and 2.26, the average being 2.61 or say 2.5. 

For the axial pressure required to engage cone clutches the author 

has shown (Amer. Mach., Aug. 8, 1912) that 


k Crdb sin ¢} 
axial pres. = ee" ae 


separating force, lbs. = 


¢ being the angle, degrees, between the axis and the conical surface, 
and this formula is true for any material and any service, suitable 


1The author is convinced that the formula in which a factor, the co- 
efficient of friction times the cosine of the angle, is introduced to provide 
for overcoming the endwise sliding friction of the cones on each other, is 
erroneous. It is a matter of common experience that a shaft, when in mo- 
tion in its bearings, may be traversed endwise by a force so small as to be 
negligible, and it would seem that the same action takes place in a clutch. 
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values of C and f being used. The following values of f are fair 
average values. Iron on iron dry .2; iron on iron imperfectly lubri- 
cated .1; wood oniron, .2; leather on iron, .3; cork inserts on iron, 33. 

Professor Peddle’s second chart, Fig. 2, may be used in place of 
this formula. ; 

The values of the axial pressure obtained from the formula or 
chart being those which will just drive, some surplus should be added. 

The angle of the cone is of importance as regards freedom of dis- 
engagement. For metal on metal surfaces, the dividing angle 
between sticking and non-sticking is about 6 or 7 deg. measured 
between the axis and the conical surface, according to A. J. SHaw 
(Amer. Mach., June 11, 1887). For free disengagement, the angle 
should be not less than 10 deg. For wood on metal surfaces the 
angle should not be less than 20 deg. (C. W. Hunt, Trans., A. S. M. 
E., Vol. 30). A common angle for the leather and metal surfaces of 
automobile clutches is 12} deg., but such clutches are always 
held in engagement by a spring and disengaged by foot pressure. 
According to C. W. Hunt (Trans. A. S. M. E., Vol. 30), leather faced 
cone clutches with angles of 18 to 20 deg. are fitted with an operating 
device for disengagement. 


Fic. 4.—Correct construction 
of cone clutch. 


Fic. 3.—Incorrect construction 
of cone clutch, 


A defective construction of cone clutch is illustrated in Fig. 3 which 
shows the effect of wear. The correct construction is shown in Fig. 
4. The extension of the male and female ends are at an equal angle 
from the acting surface, the result being an avoidance of the shoulder 
and an increase of surface as the parts wear. 

Cone clutches should have holes provided for the escape of air 
from between the cones. 

The Rockwood Mfg. Co. employ tarred fiber and castiron. For 
comparatively frequent starting and stopping, they employ a normal 
pressure of too lbs. per square inch of surface in order to limit the 
generation of heat, while for occasional stopping and starting they 
employ 200 lbs., such values being practicable because the pressure 
is distributed over the entire surface. The minimum safe value of 
the angle of the faces with the shaft in order to insure free disengage- 
mentis8deg. Ifincreased end thrust pressures are not objectionable, 
slightly larger angles, which lead to reduced wear, may be used. The 
value of the coefficient of friction for these materials is .125 giving 
values of 12.5 and 25 for Edgar’s constant C, for too and 200 lbs. 
normal pressure respectively. The Rockwood Mfg. Co.’s formulas 
for the starting capacity of these clutches having an angle of 8 deg. 
are as follows: 


For 100 lbs. per sq. in. normal pressure: 
h.p. = .000312 D?WN 
For 200 lbs. per sq. in. normal pressures: 


h.p. = .000624 D?WN 


in which, D = diameter, ins. 
W = face width, ins. 
N =r.p.m. 
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The end thrust required to start loads is: 


For 100 lbs. per sq. in. normal pressure 


P = 43.722DW 
For 200 lbs. per sq. in. normal pressure 
P = 87.444DW 


in which P = end thrust, lbs. 


For Weston (multiple disk) automobile clutches running in oil, four 
clutches were examined by the author, three having six and one four 
cylinders, without finding any difference of practice characteristic 
of the number of cylinders used. The highest powered car examined 
had six 43X54 in. cylinders. The clutches had from 31 to 51 
disks, of outside diameters ranging between 8 and 12 ins., with face 
widths of 4 to 1 in. 

In this type of clutch the mean diameter of the friction surfaces 
is to be treated as d in the formula, while for } the actual radial width 
multiplied by the number of rubbing contacts, that is, the number 
of disks—not twice the number of disks—is to be used. The width 
given by the chart is this product, which is to be divided by the 
number of rubbing contacts to obtain the width of the disks. Should 
large clutches run beyond the scale of the chart, the horse-power 
may be divided by 2 and the resulting number of rubbing contacts 
be multiplied by 2. As these clutches run in a bath of oil a low 
value of C is to be expected. 

The resulting values of C were .888, 1.09, .565, and .565, the aver- 
age being .777 or, say, .75. The highest value was found for the 
highest powered car and one of the lowest values for the lowest 
powered car, although the second lowest value was found for the 
next to the highest powered car. 

Multiple disk clutches should have narrow rubbing surfaces— 
preferably not over 75 the diameter, though this ratio is, in some 
clutches, as low as sy. With wide surfaces the unsatisfactory 
action of step bearings is introduced. Moreover, with wide sur- 
faces, the bite of the central feather and the uncertainty of disen- 
gagement are increased. For both reasons the results are more 
satisfactory if the required surface is obtained by increasing the 
number of disks instead of the width of the surfaces. 

For multiple disk dry plate clutches as used in automobile service, 
F. M. Heldt examined six examples, the resulting mean valve of C 
being 3. The materials used in this construction, which is displacing 
the lubricated type of clutch, are asbestos fabric against steel. 
8 to 20 friction surfaces are employed. 

The axial thrust of automobile clutches is limited to a low valve 
by the fact that it must be released by the pressure of the foot and 
without undue effort. This, in turn, places a low valve on C. So 
far as the friction surfaces are concerned, there is no reason to suppose 
that the valves of C might not equal those used with the same mate- 
rials in hoisting engine service. 

The Lane friction clutch, which is in wide use in the United States 
on mine hoists employs the principle of wrapping friction. The 
strap, however, goes but once (effectively a little less than once) 
around the drum and is lined with wood blocks. The relation of 
the tensions on the two ends of the strap may be obtained from Mr. 
Brown’s chart, Fig. 4, of the section on brakes, which see, using a 
coefficient of friction of .2 for wood on iron. 

The contracting band clutch used on some automobiles is subject 
to the same analysis as the Lane clutch, from which it differs only 
in materials and dimensions, provided the coefficient of friction be 
known. 


From 


The Ball Friction Clutch or Ratchet 


The design principle of this device is thus explained by E. H. Fisu 
(Amer. Mach., Sept. 21, 1911). Due probably to a misunderstand- 
ing of its action this clutch has not risen in favor as much as it de- 
serves. Fig. 5 represents in outline the essentials of such a ratchet. 
The balls or rollers a aaa are placed between a ratchet wheel b and 
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a smooth cylindrical shell c. In the position shown in Fig. 5 
right-hand ball drops down into the space below it by its own weig. 
This one ball is the one that will start the ratchet working. Power 
being applied to b with motion in the direction of the arrow, this ball 
acts as a wedge between c and b and starts the shell rotating. Tf th 
resistance is too great the ball will roll between b and ¢ until it is 
squeezed sufficiently tight so that it drives or something breaks. 


f 


Fic. 6. 
Fics. 5 and 6.—Ball friction clutch or ratchet. 


Fic. 5. 


If the angle a, Fig. 6, between the tangents to the curves of ratchet 
and shell at points of ball or roller contact is less than twice the angle 
of repose, the clutch will either drive or break. That this last is true 
can be seen from Fig. 6, where a ball is held by friction only between 
two surfaces. The forces acting on the ball are: First, its weight, 
which may be neglected as it is very small and is inactive during part 
of the revolution; second, PP the normal or squeezing forces and jP 
—fP is the force of friction incident to the normal forces. It will be 
seen that these are the forces which act while the clutch is stationary. 
In motion they change, /P on the ratchet side remaining a propelling 
force while fP on the side of the shell is counteracted by the tendency 
of the ball to drive the shell. That is, the driving force on the shell 
is at all times sufficiently less than /P so that the ball will roll no 
further into the opening. Angle 8 in Fig. 6, is evidently equal to the 
angle whose tangent is f (the coefficient of friction) and is also evi- 
dently equal to 45 a; therefore, a must be made slightly less than 
twice the angle of friction. 

On the other hand a ratchet which does not let go on the back 
stroke is often of little use as a ratchet, which in turn indicates that 
if wis much less than twice the angle of friction it will not let go. If 
ais greater than this the weight of the ball or roller is the controlling 
influence that may cause it to work or fail. This weight, as we have 
seen, is too small to be depended upon. The angle of friction varies 
with the lubrication and may easily be two or three times as great 
with one oil as with another, to say nothing of still greater variation 
in case of no oil at all. Of course, if there is a considerable resistance 
to backward motion of the shell, the ratchet can be forced to let go. 
That is the usual condition but a condition that militates against 
its use in many places; for example, in hand forges where the resist- 
ance to turning backward is so little that the clutch is very apt to 
lock unless an artificial friction is put on the impeller shaft. For 
such situations the clutch is not suited, but there is an abundance 
of places where there is sufficient natural resistance to backward 
motion so that it can be used. 


The theory of its design is very simple. The driving force is any- 
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thing up to fP at the circumference of the shell where f may be taken 
as .03 to .o5 according to conditions, material and lubrication. Using 
the lower value we find that P is 3314 times the pulling force. For 
example, if the pulling force is to be 100 Ibs. at the inside of the shell, 
P will be 3333 lbs. This is the crushing force on the ball. This 
estimate should be increased by a liberal factor of safety in selecting 
balls, remembering that only one ball at a time can be relied upon to 
do the work. : 

Claw clutches are more cheaply made if they have an odd number 
of teeth (PROFESSOR SWEET, Amer. Mach., Mar. 17, 1910). Tomilla 
clutch with an even number of teeth it is necessary to set the mill- 

_ing machine twice: first to cut one side of the teeth and then the 
other; but to cut an odd number of teeth it is necessary to have 
only a plain mill, thick enough so that twice through will cut the 
wide part of the gap, and thin enough so that it will pass through 
the small part. This will be best understood by referring to Figs. 
7, 8, 9 and to. 

Fig. 7 shows a finished three-tooth clutch; Fig. 8 a single cut with 
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a proper thickness milling cutter set with one side exactly central; 
Fig. 9 the second cut, which finishes one tooth; and Fig. ro, the third 
cut, which finishes the other two teeth, completing the job. 

A clutch with any odd number of teeth can be finished in the same 
way, and if one side of the cutter is exactly central the clutch will 
be a mechanical fit. 


BE 
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Fic. 7. Fic. 8. Fic. 9. FIG. Io. 


Fics. 7 to 10.—Milling a claw clutch with an odd number of teeth. 
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The following methods for laying out cams, except when other- 
wise specified, are those of C. F. Smita (Amer. Mach, 1905) 

The usual motion given by a cam, when the cam roller is mounted 
on a radius arm, is that given by a crank and connecting rod to a 
cross head, the length of the radius arm being the equivalent of 
that of the connecting rod When the roller is mounted on a slide 
the motion becomes that of a crank and slotted cross head (Scotch 
yoke). 

For high speed cams this motion requires modification as will be 
explained later. 

The use of a spring for effecting the motion in one direction is 
sometimes desirable. In some cases the spring performs the return, 
while in others it performs the operating movement. When a spring 
performs the return movement, the failure of the spring to act leaves 
its driven part in the operating position and a wreck may be the 
result, while, if the spring performs the operating movement, a failure 
to act leaves the driven part withdrawn from the operating position 
and serious consequences are less probable. A conspicuous illus- 
tration of springs performing the operating movement is found in 
the linotype, adoption of the plan being due to considerations of 
safety. 

- An objectionable feature of springs, especially for the return move- 
ment, is that the effort of extending or compressing them is added 
to the effort required to do the work. Except that the milling 
cutter must be kept to size, there is no greater difficulty in making 
a cam effect both movements than one. 

Omitting consideration of unusual cases, cams are of two types 
drum or barrel and face or radial, of which the former have the 
advantage that they are of smaller diameter for a given angle of 
cam groove, and the latter that their action on the roller is more 
perfect. 


Laying Out Drum Cams 


To lay out a drum cam operating a roller mounted on a slide, pro- 
ceed as in Fig. 1, in which the rectangle 0, B, C, 12 represents the 
development of that part of the cam’s periphery in which the move- 
ment is to take place. The movement of the roller is shown full 
size by the line o B, and this movement is to be performed while 
the cam turns through an arc of which BC is the development. 
Upon A o equal and parallel to B 0, a semicircle, called the throw- 
circle, is drawn equal in diameter to the movement of the roller and 
this semicircle is divided into any number of equal parts—in this 
case 12. The developed arc EC is then divided into the same number 
of equal parts and projecting lines from the points on the semicircle 
give by their intersections with the corresponding verticals, points 
on the center line of the cam groove as indicated by the small circles. 
While the cam turns from B to C the movement of the roller is pre- 
cisely the same as would be given by a crank turning through the 
semicircle 0, 6, 12. The return movement may or may not be per- 
formed in the same interval of time, but its groove will be laid out 
in the same way. Should the movements be performed in the same 
time the movement of the roller is precisely the same as that of a 
cross head, but with a pause at each end of the stroke, and, should 
they be performed in different times, the same will be true except 
that one movement will be made more quickly than the other, 

The angle of the tangent with the center line of the groove should 


not exceed about 3o degrees, as indicated in Fig.1.1 In laying out 
the drawing the distances oB and BC are given as has been stated, 
and it is desirable to avoid the necessity of laying out the curve in 
order to determine this angle, and this determination may be made 
in several ways. Thus with the-angle equal to 30 degrees, there is 
a constant ratio of 2.72 between the length of the lines Bo and BC. 
Bo being given by the conditions of the problem, it is only neces- 
sary to multiply it by 2.72 in order to obtain the length which BC 
must have in order to make the final angle 30 degrees. The length 
of BC, considered asa fraction of the entire circumference, is also 
known from the conditions, and from this the entire circumference 
and the diameter of the cam may be quickly determined. Thus, BC 
being 2.72 times the throw and occupying say degrees of the cir- 
cumference, we have: 


60 
circumference = 2.72 X throw X a= 


2.72 X throw X360 
3.1416Xn 
312 X throw 4 
oe approximately. 

The length of BC may also be determined with a protractor 
from the fact that, with the angle of the tangent to the cam curve 
equal to 30 deg., the angle Co 12 will be equal to 20 deg. 12 min. 
or, for practical purposes, 20 deg. This ratio of 2.72, and this 
angle of 20 degrees, are strictly correct for drum cams, of which the 
rollers move in straight lines only, but they may be used for cams 
of which the rollers are guided by radius arms without important 
error. For face cams these constants are modified, as will be ex- 
plained later. 

It will be observed also that near the point of tangency the curve 
and tangent coincide very closely and we may take advantage of 
this to obtain a graphical method which is accurate enough. Having 
divided the end circle, lay out the triangle abc, the height being 
projected from the throw circle and the hypothenuse being drawn 
at 30 degrees, when the base gives the length of one of the divisions 
of the base line. The same result may, of course, be obtained from 
the triangle cde. The chief use of the constants is in the prelim- 
inary layout of the chart, as will be explained later. When laying 
out the curves on the individual cam drawings the graphical method 
is preferable. 

If the roller is supported, by a radius arm, as it usually is, the pro- 
cedure is slightly modified as shown in Fig. 2. The base line and 
throw circle are divided as before, but instead of drawing perpen- 
diculars from the base line divisions, arcs of circles are struck through 
them with a radius equal to that of the proposed radius arm, as in- 
dicated by the line ab afd centers c,d, e, etc., and the intersections 
of these arcs with the projection lines from the divisions of the throw 
circle form the locating points for the center line of the cam groove 
as indicated by the small circles. The angle of this line at its middle 
should, as in the former case, be not greater than about 30 degrees, 
as shown, and is predetermined as in Fig. 1. 


or diameter = 


Laying Out Face Cams 
When the groove is upon the side or face of the cam disk the pro- 
cedure is shown in Figs. 3 and 4. Fig. 3 corresponds with Fig. r 
Some designers increase this figure, going even to 60 degrees for light 


work. The monotype—a conspicuous example of high class cam construc- 
tion—employs angles as high as 37 degrees. 


188 


a oa a 
Pe hel eee 
IZ 
(ZZ 


a= 


1! 


Fic. 2.—Drum cam, crank motion, for operating a pivoted lever. 


Fic. 1.—Drum cam, crank motion, for operating a slide. 
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Fic. 4.—Face cam, crank motion, for operating a pivoted lever. 
Fics. 1 to 4.—Laying out the center lines of cam grooves. 


Fic. 3.—Face cam, crank motion, for operating a slide. 


189 


in that the roller is mounted upon a slide which moves 
radially with the cam disk. The cam is here required 
to move the roller the distance oB while turning 
through the angle BC. The throw circle o, 6, 12 is 
drawn with a diameter equal to the radial movement 
of the roller and is divided as before into equal parts. 
The cam angle is similarly divided and radius lines 
O, I, 2, 3, etc., are drawn. The division points of 
the circle are projected to its diameter and arcs 
struck from the center of the cam and from the feet 
of the projection lines give by their intersection with 
the radial lines the points of the center line of the 
cam groove; the limiting angle appearing as before. 
In determining this angle for this style of cam the 
lower triangle abc should be used in preference to 
the upper one cde, as the tangency is closer below 
the middle point than above it, As with the drum 
cam this angle is regulated by varying the diameter 
of the cam disk. 

In laying down this style of cam upon the chart 
the figure B, 0, 12, C must, of course, be represented 
by a rectangle of which the length is properly made 
equal to the outer arc BC. The constants which 
have been given for drum cams become for this 
construction 3.23 and 17 deg. 15 min., or, for 
practical purposes, 17 deg.; that is, the length of 
the rectangle should be at least 3.23 times its height 
and the angle of its diagonal with its base should not 
exceed 17 deg., showing that face cams must be 
larger than the drum style in order to have an 
equally favorable angle. 

While the constants given above apply to face 
cams, the extreme radius of a face cam groove is not 
much less than the radius of the piece, there being but 
a wall of metal and the radius of the roller between, 
and the convenience of a uniform outside diameter 
of cams is so great that this may be neglected, the 
curves of the chart being laid out as though the 
cams were all to be of the drum style and then 
make both face and drum cams of the same outside 
diameter. The face cam grooves will thus be slightly 
steeper than if they were of the drum style, but in 
only a few, and probably in no case, will the angle 
extend 30 deg. Were this angle to be materially 
exceeded in one of the face cams, especially in an 
important one doing heavy work, the whole set should 
be redesigned and enlarged 

In Fig. 4 the roller is carried by a radius arm of a 
length ab. An arc cd is so struck as to pass through 
the center of the cam shaft if possible. Sometimes 
this is impossible, but the practice should be departed 
from only in case of necessity. The center a located, 
the arc ef is struck from the center of the cam disk and 
from centers located on it and with a radius equal to 
the length of the arm the arcs Bo and C12 are struck, 
such that the arc 7 is the angle of cam movement 
during which the roller movement is to take place. 
The arc ef between the extreme centers gh of the 
arcs Bo and C12 is then divided as in previous cases 
and arcs 0, I, 2, 3, etc., are drawn from the division 
points as centers. The throw circle o, 6, r2 is then 
drawn and the cam curve is quickly located. The 
limiting angle is again shown. 


Two-step Cams 


Face cams giving a movement in two steps are laid 
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out as in Fig. s. The driven crank arm is centered at 
A, its extreme positions being B and C with an inter- 
mediate dwell at D. The first movement is from B to 
D and the second from D to C. The cam roller is 
carried by an arm pivoted to the end of the crank arm 
and having a forked end which straddles a square guide 
block which rides on the cam shaft. 

The extreme throw is laid out on the horizontal cen- 
ter line and the lines B and C are drawn from A to give 
the same movement on each side of the vertical center 
line. The arc EF is drawn and the position D of the 
arm at the intermediate dwell is laid down. Chords GH 
are drawn and on them throw circles are drawn each of 
which is divided into parts as before, the division points 
being projected to the arc EF, The extreme positions 
of the arm which carries the roller are drawn in at J and 
J. The extreme positions of the roller are at K and L, 
and an arc KL tangent to J will give approximately the 
path of the roller which may thus be treated as though 
pivoted at the center M of the arc KL, which does not 
conform to the recommendation that it should pass 
through the center of the cam shaft, as it is impossible 
to make it so conform. With radius FK and centers 
at the points of the arc EF projected from the division 
points of the throw circle on chord G, the positions of 
the circles 0, 1, 2, 3, etc., from the cam-shaft center are 
obtained and they are drawn. Points P, Q are found 
on the arc MN from which to strike arcs 0, and 12, to 
include the angle of movement of the cam within which 
the first movement of the roller is to take place, and the 
arc PQ is then divided as before and arcs Iq, 2, 3a, etc., 
are drawn, the intersections of which with the corre- 
spondingly numbered circles drawn from the cam-shaft 
center give the outline of the center line of the cam for the first 
movement. The required length of dwell RS, for which the cam 
curve is of course a circle, is then laid out and the profile for the 
second movement is then determined in the same way from the 
throw circle drawn on chord H, but of this details need not be given. 
The limiting angle of 30 deg. appears in both cases. 

The return movement, not shown, is laid out from a third throw 
circle of which the diameter is equal to the sum of those already used. 

The above methods are sufficient to lay out any single-roller drum 
or disk cam of the types illustrated of which the time and extent of 
the movement only are determined beforehand. 


An Example of a Face Cam 


The layout of an actual face cam is shown in Fig. 6, a portion of 
the machine frame being also shown. The cam is to move a slide 
a by means of a fulcrumed lever b, the position of the roller center 
being at ¢ on an arc which is laid out to pass through the center of 
the cam shaft, as already advised in connection with Fig. 4. 

The diameter of the cam disk being known or assumed, we draw 
the outer circle of the cam and lay down the thickness of the outer 
retaining wall, and the radius of the roller, and draw the arc no. 
The radial movement of the roller « is laid down as shown giving 
the arc fq as the inner limit of movement of the roller center. 
The throw circle is next drawn in and divided as has been explained 
and arcs from the feet of the perpendiculars from the division points 
are drawn. The arc through the center of the throw circle gives, 
by its intersection with the arc struck from the fulcrum h of the 
lever as a center, the location of the mid-position c of the roller. 
In the present case this happens also to be the middle of the return 
curve of the cam, but this is accidental. 

Assuming or knowing that the working movement of the roller 
must be made during an angle @ of movement of the cam, we draw 
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Fic, 5.—Face cam, crank motion, for a double-throw fork lever. 


an arc de from the center of the cam shaft as a center and passing 
through the center / of the lever fulcrum, and take its radius hi 
in the tram and find centers f, g from which to strike arcs jk and 
Im passing through the cam shaft center and spanning the angle @ 
as shown. These arcs, by their intersections with no and Pq, 
determine the positions of the cam curve for beginning and ending 
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the movement. Dividing the arc fg as before, we find points 1, 
2, 3, etc., from which to strike arcs I, 2, 3, etc., which, by their in- 
tersections with the arcs from the feet of the perpendiculars through 
the divisions of the throw circle, give the successive positions of the 
roller center. From these centers circles having a radius equal to 
that of the roller define the cam groove. The return movement is 
laid out in the same way and from the same stroke circle, and is thus 
the same as the acting movement, although the two cam curves are 
very different. Those portions of the groove which represent dwells 
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The surface of the zinc may be blackened for the purpose (Wm. 
V. Lowe, Amer. Mach., Feb. 27, 1908) by the use of a solution of four 
ounces of sulphate of copper in one pint of water to which about 
ro drops of nitric acid have been added. Clean any oil from the 
zinc before coating, then pour the solution over it and distribute — 
it with a piece of waste. The color is governed by the nitric acid. 
Add acid until the color is right. After blacking rub the surface 
with an oily rag. This makes the color a more intense black. It 
should be dead, without luster. 


Fic. 6.—Laying out a face cam. 


of the roller are, of course, arcs of circles having the center of the 
cam shaft as centers, and are drawn in. 


Making the Templet 


To make the templet proceed as in Fig. 7. 

A piece of thin sheet metal, for which zinc in very suitable, is 
tacked down on the drawing as shown by the shaded outlines. This 
sheet is previously cut to a shape which shall fall within the pitch 
line of the cam groove but without the inner border of the groove. 
Its form is easily determined by laying a piece of tracing paper over 
the drawing and then drawing freehand a line which shall mark the 
desired outline of the zinc. The paper is then trimmed to this line 
and is used as a templet to which to cut the zinc. 


With the zinc tacked over the drawing the horizontal and vertical 
center lines are carefully drawn with a fine, sharp scriber and then 
with a pair of dividers having fine, sharp points, those portions of 
the roller circles which are covered up by the zinc are redrawn on 
the zinc. With an irregular curve the bounding line of these arcs 
is then drawn, though not shown in the illustration, the circular 
portion of the groove which represents dwells of the cam roller being 
drawn with the dividers from the center of the zinc as located by the 
center lines. 


Making the Former 


The outline completed, the metal is carefully dressed down by hand 
to the outline and the templet is then placed upon the former blank 
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which has previously been faced off. The center lines are drawn on 
the former blank and marked as on the drawing and templet and 
the outline is then transferred to the blank by a fine, sharp scriber, 
and the former is then dressed down to this line, the bulk of the 
metal being removed in a milling machine. The circular portions 
of the outline are easily followed exactly and the other portions are 
followed as. closely as possible, after which they are dressed down 
to the outline as carefully as possible by hand. 
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Fig. 8 illustrates the laying out of a drum cam. To make the 
horizontal measurements on this drawing, it is necessary to trans- 
late the positions given in the chart by degrees into inches of cir- 
cumference and, dividing the entire circumference of the chart by 
the number of 5-deg. divisions, we find the length of each one of 
them. ; 2 

The movement of the roller should take place during 12 5-deg. 
intervals which, translated into ins., are laid down as is the verti- 


Fic. 7.—Transferring the cam profile to the templet. 


The error introduced by the hand work is not important as, the 
circular portions being exact, the movement given by the cam is 
exact, the slight error due to the hand work being in the rate of the 
movement cnly. 


Laying Out Drum Cams 


The laying out of drum cams cannot be done quite as directly as 
that of face cams, as the layout must be a development and not a 
projection drawing. After laying out the profile, it is transferred 
to a sheet zinc templet, in the same manner as a face cam, which is 
then wrapped around the former on which the outline is scribed as 
in the case of a face cam. To provide for any minute discrepancy 
between the length ot the templet and the circumference of the 
former, it is important that the place selected for the joint in the 
templet shall be within a straight part of the groove. Were it 
within an inclined part the result of such a discrepancy would be a 
jog when the templet is wrapped around the former, but by select- 
ing a straight portion this is avoided, 


cal movement giving the rectangle within which the curve is to be 
laid down and to find it we have only to follow the method given in 
Fig. 2. The throw circle is drawn and divided as before. Arcs ab 
and cd are drawn through the corners of the rectangle with the 
length of the radius arm as a center, giving the centers ef. The 
line ef is then divided and the intermediate arcs are drawn, the in- 
tersections of which with the parallels through the divisions of the 
throw circle give points on the pitch line of the groove from which 
circles with a radius equal to that of the roller define the groove. 
The dwell before the return movement takes place is then laid down 
and the return curve is drawn in the same way. 

A feature of drum cams which should not be overlooked is the divid- 
ing up of the arc of motion, as shown in Fig. 9, in which the lever 
is laid out as it should be with the arc of motion divided by both 
horizontal and vertical center lines, 

Conical rollers are frequently used for drum cams, the rollers being 
laid out as are the pitch lines of bevel gears. This practice is of 
doubtful value as it leads to an end thrust which cramps the roller 
and leads to wear under heavy loads. Straight rolls are preferable 
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and to reduce the theoretically imperfect rolling action, they should 
| be short—not much longer than half their diameter. 

The cam should run away from the fulcrum—not toward it. 

The diameter of the roller pin should not exceed one-half that of 
the roller in order to reduce the tendency of the roller to stick on the 
pin and thus wear flat. 
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bodies. As falling bodies experience no shock in starting, so cam 
motions laid out to conform to the same law experience no shock 
in starting and the same is true for stopping if the retardation is 
made uniform like the acceleration reversed. 

The simplest method of laying out the gravity cam curve is that given 
in Fig. ro, in which the drawing of the parabola is avoided, by A. 
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Fic. 8.—Laying out a drum cam. 
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Fic. 10o.—Laying out cams to the gravity base curve. 


High Speed Cams 


For high speed cams the throw circle is not a satisfactory base curve. 
It is well known that the crank motion, instead of being an easy, 
is a harsh one. In the center of the movement of an engine cross 
head, where the velocity is highest, the acceleration is zero while 
at the centers where the velocity is zero, the acceleration is at its 
maximum. Moreover, as the center is turned, the acceleration is 
abruptly changed from a negative to a positive maximum. For 
these reasons if there is the slightest lost motion pounding and noise 
result. 

The ideal base curve for high speed cams (note that the dividing 
line between low and high speed cams cannot be drawn) is the gravity 
cutve (parabola) which differs from the circle as a base curve for 
cams in that the acceleration given by it is uniform as with falling 

13 


- are shown in the illustration. 


B. Lenrest (Amer. Mach., A pril 13, 1905). Divide the base line AC 
into equal parts as for the throw circle. Draw a line AE at any 
convenient angle and of indefinite length and lay off on it, to a con- 
venient scale, distances from A to F and from E to F proportional 
to the odd numbers 1, 3, 5, 7, 9, 11; connect E to B or F to the middle 
point G of AB and draw from points 1, 3, 5, 7, 9, lines parallel to 
EB or FG, intersecting AB at 1, 4, 9, 16, 25, 36. Project these 
points thus found on AB to verticals from points 1, 4, 9, 16, 25, 36, 
on AC, and draw the curve (5) through these points thus located 
on the verticals. 


The Cam Chart 


The cam chart, by which the proper timing and coordination of 
cams is obtained, is such a large subject that its elements only can 
be presented here. The usual procedure in designing a cam-operated 
machine is to begin at its operating point, determining first the move- 
ments required and the general location of the cams and connections 
and then to lay out the chart in accordance with the required move- 
ments. <A portion of such a chart is shown in Fig. 11. A base line 
is drawn representing the assumed circumference of the cams, which 
is subject to correction should it be found impossible to get all the 
movement into a circumference without increasing the cam groove 
angles beyond the limiting value. Needless to say, the process 
involves a good deal of trial and error work. i 

The base line is divided into 5-deg. intervals of which only 22 
A zero line common to all the move- 
ments is drawn at the left, the cams being treated at this stage as 
though all the rollers were upon the same line and had a common 
zero. It is simpler at this stage to treat all cams as though of the 
drum type. 

The extent of movement of the cam rollers are laid down ver- 
tically and full size. The point in the revolution when each move- 
ment must be begun or completed is laid down and a rise of the 
line from the base line represents this movement. ‘The constants 
that have been given enable the preliminary layouts to be quickly 
made, though, if the movements are at all crowded, the chart curves 
must be laid out from the throw circles and radius arms, as has been 
explained in connection with the laying out of the cams. 

The movements are individually simple, being the simple shift- 
ing of a lever. The laying out of cams thus becomes a matter en- 
tirely separate from and subsequent to the design of the machine 
as a whole. The operating parts and their movements and the 
location of the cam shaft being determined and the connecting levers 
laid down, the matter, so far as it relates to individual cams, reduces 
itself to the moving of these levers at the right times and by the 
right amounts. The chart deals with these movements only, with- 
out regard to their direction or the connecting mechanism. 


Levers of Unequal Length 


When the cam lever arms are of unequal length (the cam end being 
the shorter) the Lanston Monotype Machine Company, employs 
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i Constructive Details 
the method shown in Fig. 12 (Amer. Mach., Dec. 14, 1905) for laying : e 
out the cam curves. The chart is laid out for the full movement and An objectionable arrangement of drum cams is shown in igs. 15 
then the line &/ representing this full movement is divided, kn being and 16 (E. LAwRrENz, Amer. Mach., Oct. 12, 1911). ; Not only is aa 
the cam movement. Point m being assumed at convenience, lines |, wnecess ary side thrust put on the lever and its bearing, but Fig. 16 
Im and nm are drawn. Points on the chart curve being then pro- shows the cutting of such a cam to be difficult if proper contact with 
jected to the line Jm and from the intersections down to nm the the roller is to be obtained—a difficulty which is still greater if the 
heights of the last intersections above the base line give the distances cam is to drive the roller in both directions. Fig. 17 shows the 
to be used in laying out the pitch curve of the cam. A reverse correct form with proper contact between cam and roller. 
method obviously applies to the reversed arrangement of the arms. Panett 
More Accurate Methods The inertia of the roller gives rise to serious wear of closed cams 
} i irecti i f the roller on its pin is 
Increased accuracy of the former is obtained by the Lanston Mono- at high speeds. The vga aera rn = eer Lrg 
type Machine Company by the use of an iron drawing board, Fig. reversed twice during each revolution o po 
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13, by which the cam outline is laid out directly on the former blank the roller changes contact from one side of the groove to the other. 
and the errors due to a transfer are avoided. The drawing board At 140 r. p. m. this action on the monotype was found so destructive 
contains a pocket of a depth equal to the thickness of the former that with hardened rollers and steel pieces inserted in the cams 
and a stump of the same diameter as the hole in the former. The at the places where the greatest wear developed, the usual life of 
board has a protractor ruled on its surface which enables angular some of the cams did not exceed six months. 
lines to be ruled on the former which is coppered for the purpose. The double or conjugate system of cams was invented to meet this 
The heights of the cam curve as obtained from the chart are laid out difficulty by J. Serrers BANCROFT (Amer. Mach., Dec. 14, 1905). 
on the blank which is then dressed down to the scribed outline. A pair of conjugate cams, a and 8, Fig. 18, are keyed to apair of shafts 
The radii representing dwells are made to micrometer measure- which are so geared as to run at the same speed and in the same 
ments from the hole in the former, the inaccuracies of the hand work direction as indicated by the arrows. The roller ¢ lies between 
thus affecting the rate of movement only. them and is driven in one direction by one cam and in the opposite 
by the other. It will be observed that with this arrangement the 
Charts with Separate Base Lines direction of rotation of the roller on its pin is never changed. Its 
speed, of course, varies with the diameter of the cam surface act- 
ing at the moment, and to this extent its inertia comes into play 
to induce sliding, but such changes in speed are small in com- 


Fic. 12,—Construction for lever arms of unequal length. 


Charts with different base lines for the various cams are preferred 
by some designers. An example of this lay out is shown in Fig. 14. 
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Fic. 13.—Iron drawing board for laying out formers. 
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Fic. 14.—Chart with a different base line for each cam. 
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Fic. 17.—Correct cam-lever arrangement, Fic. 18.—Conjugate cam system of the monotype. 
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parison with reversal and, moreover, they are always gradual, 
whereas the reversal with the usual style of cam is abrupt. 

Such cams of cast-iron are more than twelve times as durable as 
the old style of face cams with steel inserts. 

To insure the cams being true conjugates they are cut on a special 
machine, one cutter acting simultaneously on both cams. 

The reversal of the roller does not take place with cams of which the 
movement in one direction is made by a spring, and hence such con- 
structions are free from wear due to such reversal; on the other hand, 
the spring construction introduces other difficulties at high speeds. 


Spring Adjustments 


The varying resistance of springs due to their extension and the 
resulting varying pressure on the roller may be approximately com- 
pensated by the method shown in Figs 19 and 20, by E, LAwRENzZ 
(Amer. Mach., Oct. 12, 1911). 

The cam lever AB with the roller at A swings through the arc A Aj, 
the spring S being connected to a third arm OC, so arranged that, as 
the spring is extended and its resistence increased, the effective 
lever arm is reduced in the same proportion that the extension (not 
the total length) in increased. Thus Fig. 20, the free length of 
the spring, being DE=D£, for position OC; the extension is £1C1 
and the effective lever arm is OF 1, while for position OC the extension 
is EC and the lever arm OF. To make the compensation (which is 
exact at the extreme positions and approximate at intermediate 
points) it is only necessary to make 

OF X EC =OF 1X ExCi 

To find the required extensions draw a diagram, Fig. 21, in which 
ab=OF and ac=OF;. Through any convenient point d on the 
base line, draw db and dc and extend them. Locate efg such that 
g is equal to the difference between DC and DC, when ef =E1C1 
and eg = EC. 
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Fic. 21. 
Fics. 19 to 21.—Equalizing the Spring Pressure on Cams. 


This construction is most appropriate with cams laid out on the 
gravity curve system, in which the acceleration of the driven piece 
being uniform, a uniform force is suitable. With cams laid out on 
the throw circle system the acceleration is at a maximum at the be- 
ginning of the movement and the natural action of a spring in giving 
the greatest force at the point where the acceleration is greatest 
is suitable. The acceleration becomes a factor, however, only at 
speeds such that the inertia of the parts is a factor and at speeds 
below this point the construction becomes appropriate for cams laid 
out from a throw circle, 


SPRINGS 


The use of spring tables or charts is greatly facilitated by prelim- 
inary calculation of the data, which may bé made graphically as 
explained by B. C. Batcheller, Chief Engr. New York Pneumatic 
Service Co. (Amer. Mach., Aug. 3, 1911) as follows: 

In designing machinery in which a spring is required, the designer 
usually knows the length of movement of the spring, the force that 
the spring should exert at some point in its movement, say at the 
beginning, and the variation in force that is allowable throughout 
its movement. These are his fundamental data and before he can 
use the spring formula or tables he must ascertain by computation 
_ the total compression or extension of the spring from the free length. 
In case the spring is free at one end of its movement, no such compu- 
tation is required, but such is not usually the case. 
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Fics. 1 to 3.—The preliminary design of springs. 


Fig. x represents a spring, to be used in compression, exerting a 
minimum force P;, a maximum force P2, with a movement in length 
D. We wish to know the total amount of compression A. On the 
horizontal line XX, erect two perpendiculars, P; and Po, of as many 
units in length as the respective forces, and distant apart, D. Through 
the upper ends of the two perpendiculars, P; and P2, draw an inclined 
line, producing it until it intersects the base line at O. The distance 
A from the point O to the perpendicular Ps, is the total amount of 

compression of the spring. By similar triangles: 


caer at 
D P2—Py 
therefore 
PD 
a  Pe—Pi 


Knowing A and P2 we are now prepared to use the formula or tables 
of springs above referred to. 

Fig. 2 shows a similar diagram for a spring in extension. It is 
obvious that P; can never equal P2; in other words, we cannot make 
a spring to exert a constant force through a sensible length of move- 
ment, and the less the difference between P; and P», the greater must 
be the total amount of compression or extension. Such a diagram 
and computation should be made of every spring, no matter how 
insignificant, for they give a clear idea of the limitations of the case 
in hand. 

Example.—Required, a spring to move a piston in one direction 
that is moved in the opposite direction by a definite fluid pressure, 


Fig. 3. 


Let Pi=150 lbs., 
P2=175 lbs., 
and D=tt ins. 
1 
hans ins. 
175—150 


We must have a spring of sufficient length, diameter, number of coils 
and size of wire to bear a total compression of 8% ins., and exert a 
force of 175 lbs. under this maximum compression, without injury 
to the spring. 


Helical (Commonly Miscalled Spiral) Springs 


The carrying capacity and deflection of helical springs of round wire, 
in tension or compression, may be determined from the established 
formulas: 


3 

W = 3027-6 
PD3N 
PS Gas 


For square wire there is some variation in the coefficients given by 
different authorities. Square wire is disappearing from the best 
practice as it should—the circular section being the more suitable. 
The formulas recommended, if square wire is to be used, are: 


Sd3 
W=.444- 

PD*N 
P=5.65—Gqa_ 


in which 
W =carrying capacity, lbs. 
S=fiber stress, lbs. per sq. in., 
d=diameter of round or side of square wire, ins., 
D=mean diameter of coil, ins., 
F =deflection of spring, ins., 
G=torsional modulus of elasticity, 
P=load, lbs., 
N =number of coils. 

These formulas ignore certain secondary stresses, and the propor- 
tions of the springs must be such as to make these stresses negligible 
if the results given by the formulas are to agree with the facts. Thus 
the larger the coil in relation to the diameter of the wire the better. 
In no case should the ratio of these diameters be less than 5. Again 
the smaller the helix angle the closer will the calculated results agree 
with the facts. The formulas for deflection again presuppose that 
the correct torsional modulus of elasticity for the material used is 
employed. The formulas will again give more accurate results 
for tempered steel than for piano-wire springs, in which latter in- 
ternal stresses complicate the conditions. 

Uniformity of practice in the matter of fiber stress is not, of course, 
to be expected. From discussions that have appeared in the columns 
of the American Machinist and elsewhere the following stresses appear 
to be safe and conservative: 

For small springs of hard-drawn piano wire there is good warrant 
for stresses up to 100,000 lbs. per sq. in. For springs of tempered 
steel the following stresses may be used: 


Diameter of steel, ins. | Stress, lbs. per sq in. 


Up to § 75,000 
4 70,000 
3 60,000 
Py 50,000 + 
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It should, however, be said that some large users of springs limit 
the stress to 40,000 lbs. while, on the other hand, the Pennsylvania 
R. R. uses stresses of 60,000 to 70,000 Ibs. All these figures are for 
springs subject to moderate shock. For heavy shock they should be 
reduced. Phosphor-bronze may be stressed to 15,000 Ibs. and brass 
wire to sooo lbs., the figures for brass being the least well established 
of all. 

The torsional modulus of elasticity for steel, according to American 
investigators, averages about 12,600,000, while British experimenters 
give the smaller value, 11,000,000. It has been repeatedly proven 
that this constant has the same value for tempered and untempered 
steel. The effect of tempering is to raise the elastic limit and ultimate 
strength, without changing the modulus. The result is that while a 
tempered spring will carry a much heavier load without permanent 
set, the rate of deflection is unchanged. The value of the modulus 
for phosphor-bronze is 6,200,000 and for brass 3,400,000, the figures 
for brass being, again, less well established than the others. Con- 
sidering the miscellaneous compositions that go by the name of 
“brass’”’ definite values for the fiber stress and modulus are not to be 
looked for. 

The accompanying charts, Figs. 4 and 5, by Pror. J. B. PEp- 
DLE (Amer. Mach., Aug. 15, 1912) give the same results as the above 
formulas and enable calculations for helical springs to be made with 
great facility. The use of the charts is explained below them, 

The charts may obviously be worked in any convenient direction 
in accordance with the given and required quantities. 

In ordinary cases several trials must be made before a spring of 
the required strength and deflection is found, and it is in the conveni- 
ence of the charts for making these trials that their best feature lies. 

Of course, good sense must be used in all such work. ‘Thus in 
the case of a compression spring it may easily happen that the 
deflection given by the chart will more than close the spring—an 
impossible condition of course. This must be watched for and a 
spring be chosen which will not be an absurdity. The charts are 
equally applicable to both extension and compression springs—no 
initial tension being understood in the case of extension springs. 

The deflection of conical helical springs may be obtained from the 
formula (G, M. Strompecx Amer. Mach., Feb. 1, 1912): 

pDU+D?D2+DiDs? +D28 
— ‘Gin a 
in which f =total deflection under load P, ins., 

N=number of coils, 

P=load, lbs., 
D,=\largest diameter of coil to center of wire, ins., 
D2z=smallest diameter of coil to center of wire, ins., 
G=torsional modulus of elasticity, 

d=diameter of wire, ins. 


To design a double or triple helical spring (two or more concentric 
springs) each individual spring to carry an equal part of the total 
load, proceed as follows, (O. A. THELIN Amer. Mach., Dec. 27, 1906): 

Let P=total load, lbs. 

N =number of individual springs, 
D=pitch diameter of outer coil, ins., 
d=diameter of wire of outer coil, ins; 


We 
then Wy = load per spring, lbs. 


: : We : : 
Design the outer coil for load => draw a line perpendicular to the 


N 
axis of the spring through the center of the cross-section and offset 
.3d to each side of this line on the axis, as in Fig. 6. From these two 
points draw tangents to the circular section of the coil d, when any 


P 
NV lbs. load. 


Theoretically, the two tangents will not be straight lines, but form 
the curve of a cubic parabola. The difference is, however, slight 
and need not be considered for practical purposes. 


coil dz, ds, etc., tangent to the two lines will also carry 
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Helical Springs in Torsion 


The strength and deflection of helical springs in torsion are usuallh 
calculated from the equations for the bending of straight be 
While these equations are inexact for the conditions, they are 
simpler than those based on the curved-beam theory and, for spr 
of the usual proportions of wire and coil diameters, they lead 
errors that are unimportant. 


Fic. 6.—The design of multiple springs. 


The formulas are: 


for round wire 


QQ 
Py 


_ 2160 MDN for square wire 


wes eS 


in which M =twisting moment, |b.-ins. 
d=diameter of round or side of square wire, ins., 
S=fiber stress, lbs per sq. in., 
a@=angle of twist, deg. 
D=mean diameter of coil, ins., 
N =number of coils, 
£=tension (not torsion) modulus of elasticity. 


For springs loaded in this manner square wire is more appropriate 
than round. 

The accompanying charts, Figs. 7 and 8, by Pror. J. B. 
PEDDLE (Amer. Mach., June 19, 1913) are based on the above formulas. 
Instructions for use will be found below them. Safe fiber stresses 
may be taken at from 80,000 to 100,000 Ibs. per sq. in. for tempered 
and from 30,000 to 40,000 for untempered steel. For hard-drawn 
spring brass wire stresses of 15,000 to 20,000 lbs. per sq. in. may be 
used. For steel the usual values of the modulus of elasticity are to 
be used. For spring brass wire, the values of the modulus, according 
to Professor Peddle, range between 13,000,000 and 14,800,000, with 
an average of 14,000,000, 

With a little calculation, the charts are applicable to wire of 
rectangular sections other than square. 

Assume that a wire .2 in. thick (perpendicular to the axis of the 
coil) is to be used, the load being 120 lb.-ins. and the fiber stress 
60,000 Ibs. per sq. in. First find the load which may be carried by a 
square wire .2 in, on a side, namely 80 lb.-ins. For other widths, 
parallel with the axis of the coil, the load is proportional to the width, 
so that for aload of 120]b.-ins. the required width is .2 in. X a =.3 in. 

The deflection, on the other hand, will vary inversely as the width, — 
Hence, in the example shown on the deflection chart, if we use a wire 
-2X.3 in., instead of a wire .2 in. square, the deflection will be 2 ofa 
revolution instead of one revolution with the number of coils given. 
Or if we must have a deflection of one revolution, it will be necessary 


to increase the number of coils by 50 per cent., which would mean 
37% coils instead of 25. 


SPRINGS 


Elliptic and Semi-elliptic Springs 


The strength and deflection of elliptic and semi-elliptic Springs may 
be determined from the formulas: 


nbi*f 
P Ap 
of 
p=“ full elliptic 
Aba . 


D= iE K  semi-elliptic 


in which P=safe load, lbs., 
n =number of leaves (total for semi-elliptic and for one side 
of full elliptic), 
b=breadth of leaves, ins., 
t=thickness of leaves, ins. 
f =safe fiber stress, lbs. per sq. in., 
L=free length or projection of one end from center band, ins. 
D=deflection, ins., 
E=modulus of elasticity. 


I yr } 
7) [FF -20 —r) —r? loge r| 
_ No. of full length leaves 
‘total No. of leaves 


120,000 
110,000 
100,000 
90,000 
80,000 


we 


re Wire, Ins, 


‘no\. 
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kness of Squar 
Fiber Stress, Lbs. per Sa. In. 
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Connect the given twisting moment with the desired fiber stress. 
The line extended gives the required thickness of wire. The ex- 
ample shows that a square wire .2 in. thick will carry a twisting 
moment of 80 Ib.-ins. under a fiber stress of 60,000 lbs. per sq. in. 


Fic. 7.—Carrying capacity of helical springs in torsion. 
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In these formulas, by Prof. J. B. Peddle, the equivalent plate 
spring is assumed of the trapezoidal form, Fig. 9, instead of, as usual, 
the triangular form, Fig. ro. For structural reasons there must 
be at least one full-length blunt-ended leaf, and the assumption of a 
triangular equivalent, when the number of leaves is few and r¢, 
therefore, large, leads to errors which may equal ro or 12 per cent. 
and even more if there is more than one full-length blunt leaf. 

It is necessary, in order that the comparison between the ideal and 
actual springs should hold good, to have the points of the shortened 
leaves tapered in width or in thickness, or both, so as to make the 


rnb 


Fic, 10. 


Fics. 9 and 10.—Equivalent plate springs. 


transmission from one leaf to the next one gradual. If this is not 
done and the leaves are blunt-ended, the sides of the ideal plate. 
spring would have to be stepped instead of straight. 

The accompanying charts, Figs. 11 and 12, also by PRoFrssoR 
PEDDLE (A mer. Mach., A pr. 17, 1913) give the same results as the form- 
ulas and eliminate the laborious calculations due to the complex form 
ef the expression for K. The use of the charts is explained below 
them. 

When comparing the calculated with the actual deflection of leaf 
springs, it must be remembered that the friction between the leaves 
introduces a disturbing factor, the effect of which cannot be 
calculated. 

An examination of the fiber stresses in automobile springs of this 
type was made by Davip LANDAU and ASHER GOLDEN (Horseless A ge, 
Dec. 1, 1909). Two cases of alloy steel springs having an elastic 
limit of 184,000 lbs. showed fiber stresses of 43,600 and 56,250 lbs. 
per sq. in., respectively and two cases of high-grade open hearth 
steel springs having an elastic limit of 142,000 Ibs. showed fiber 
stresses of 41,200 and 50,500 lbs. per sq. in. Automobile springs are 
protected from extreme overloads by the bumpers which limit the 
deflection. 

The strength and deflection of flat (single leaf) springs may be deter- 
mined from the formulas of Table 1, by R. A. BRucE (Amer. Mach., 
July 19, 1900). 

Assuming the length to be determined by circumstances and the 
load and deflection to be given, the simplest method of proceedure 
is to first settle upon the proper depth ¢ in order to secure the requisite 


deflection. The formula for this purpose is 
[2 
t=axX5 (a) 


in which /=length, 
6 = deflection, 
t = thickness, 


all in inches. 


The value of the multiplier @ depends upon the safe stress f and 
the modulus of elasticity multiplied by a number which varies accord- 
ing to the type of spring adopted. The general value of a is given 
for each type of spring in the column under the heading a, but inas- 
much as a good all-round value for f is 60,000 and for E 30,000,000, 
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SPRINGS 


a second column has been added, giving the numerical value of a 
for these values of the stress and modulus. They may be confidently 
used for general work, and in cases where springs are not subject to 
alternate bending in opposite directions. The thickness having 
been determined, the breadth in ins. is next found by making use of 
the formula, 


(0) 


in which W =maximum load, lbs. 2 
t=depth, ins., 
1=length, ins. 


The value of ¢ for the general case is given under the first column 
marked at the head c. For ordinary steel springs a second column 
of values of c has been added, the values assigned to f and E being 
thesame asbefore. The principal dimensions of the spring are there- 
fore easily settled. In order to find the cubic volume of the spring, 
multiply the product of /, b and ¢ by the number given under the 
_ column marked ». A useful check on the work is to find the energy 
to be absorbed by the spring by multiplying the deflection by half 
the maximum load. If this quantity be divided by the number 
given under the heading R, the result should be equal to the volume 
of the spring in cubic inches. The first column lettered R gives the 
general value of the resilience per cubic inch for a spring of a particu- 
lar type and the second gives the resilience when the stress is 60,000 
Ibs. per sq. in. and the modulus of elasticity is 30,000,000. 

The maximum load and the deflection for a given load can be found 
by transposing formulas (a) and (0d) as follows 


]2 
d= a () 

bf2 
w= (d) 


Flat Spiral Springs 


The strength and deflection of flat spiral springs (of the watch 
spring type) have been examined by Pror. J. B. Peppre (Amer. 
Mach., Oct. 8, 1914) who accepts the formulas established by J. Sr. 
Vincent Pratts (The Engr., July 18, 1913) as follows: 


=—f 
_ (R=1) 
N= 1i(R+r) 
yn tZ 
~ 4f(R+r) 


in which T=maximum turning moment, lb. ins., 
b=breadth of spring, ins., 
t=thickness of spring, ins., 
f =working fiber stress, Ibs. per sq. in., 
N =number of revolutions of arbor., 
L=\length of spring, ins., 
E=modulus of elasticity, 
R=radius of box, ins., 


y =radius of arbor, ins. 


The accompanying charts, Figs. 13 and 14, are based on these 
formulas. Instructions for use will be found below them. The 
manner of attachment of the spring to the box, whether fixed or 
pinned, exerts a complicating influence on the fiber stress. Profes- 
sor Peddle adapts his charts to both conditions by using a fictitious 
fiber stress in place of the working stress. This fictitious fiber stress 
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TABLE 1.—STRENGTH AND DEFLECTION or FLAT SPRINGS 
Notation 


f=safe stress, lbs. per sq. in., 
E=modulus of elasticity, 
K=resilience or energy, in.-lbs. per cu.in., 
W =maximum load on spring, lbs., 
8=maximum deflection, ins., 
/=length of spring, ins., 
: bas 2 
t=thickness or depth in ins. =aX>y 
b=breadth in ins. =x 


V =cu. ins. in (useful part of) spring =v X/Jbé. 


For f =60,000 
Types of spring used eC ia ee E = 30,000,000 
a c R v a iL Semler 
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2R ; 
is the working stress multiplied by Settee is to be used when con- 


sulting the chart. 

It may be noted that considerable latitude is permissible when 
selecting the box and arbor diameters. If a certain ratio is desired 
between them, we have only to move back and forth along the hori- 
zontal line through the intersection on the axis A until the two values 
for the box and arbor diameters intersecting on this line have the 
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Connect turning moment with fiber stress and find intersection with middle axis. Any line through this point will intersect the breadth 
and thickness axes at corresponding values. Example—Turning moment is 10.8 pou 


é nd-inches and fiber stress 120,000 pounds per square 
inch, then for a spring breadth of 0.6 inches the thickness will be 0.03 inches. 


Fic. 13.—Strength of flat spiral springs. 
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Connect number of revolutions to thickness of spring and find intersection with axis A. Connect fiber stress and modulus of elasticity 
_ and find intersection with axis B. Connect points thus found on A and B and extend line until it intersects the spring length. The sizes of 
the spring box and arbor may be found by taking the intersection with axis A as found above and projecting to the left till an intersection is 
found between suitable values of box diameter (represented by vertical lines) and arbor diameter (represented by curves) interpolating if 
necessary. Example—If 15 revolutions are required and thickness is 0.03, fiber stress 120,000 Ib., modulus of elasticity 36,000,000 then the 
length will be 425 inches. For a box diameter of 8 inches and 2 inches for the arbor an exact intersection is found on the horizontal through 
the intersection on axis A. If, however, this proportion is not satisfactory, other values may be found by interpolation. 
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right proportion. In general, it will be necessary to interpolate 
between the lines as drawn, but this should offer little difficulty. 


Materials of and Miscellaneous Information on Springs 


Ordinary carbon steel used for springs, according to C. A. TUPPER 
(Amer. Mach., Mar. 24, 1910), has about the following chemical compo- 
sition: Carbon .95 to 1.05 percent.; manganese .o25 to.ogopercent.; 
silicon .12 to .1s per cent.; phosphorus and sulphur not over .o3 per 
cent. each. The elastic limit to be expected from such steel varies 
so much with the heat treatment and the methods of tempering used 
that general statements are without value. The highest figures 
observed were given in a paper read before the International Society 
for Testing Materials, September 9, 1909, for steel of approximately 
the above characteristics hardened in water at 1425 deg. Fahr. and 
drawn to 750 deg. Fahr. The diameter of the test piece was .994 in. 
It showed an elastic limit of 240,800 lbs., with modulus of elasticity 
29,220,000 and broke under a deflection at the middle of .744 in. 
It is apparent that the allowable limits of specifications for finished 
springs are rising at a very rapid rate, and what the immediate future 
will bring can only be conjectured. Inpractice, however, the elastic 
limit actually necessary is very far below the extreme figures just 
cited. For special alloy steels the chemical composition varies widely, 
particularly in relation to the carbon and manganese contents, which 
may range considerably lower. 

Fuller, though older, information regarding the carbon content of 
steel for springs is found in a paper read by Wm. Metcalf before 
the American Society for Testing Materials, 1903, as follows: 

The lower carbons should be put into the larger bars, because the 
large bars are the most difficult to harden safely, and the difficulty 
increases in a geometrical ratio with the increase in carbon. A good 
rule is to put .70 to .go carbon into bars of more than 1 in. diameter; 
bars from 1 to $in., .90 to 1.10 carbon; bars from 3 to } ins., 1.10 
to 1.20 or even 1.30 carbon, and little rods below 34 in. any high 
carbon up to as much as 1.45. 

Regarding hardening and tempering, Mr. Metcalf says that steel 
of .60 to.go carbon may be hardened in water; with about .90 carbon, 
a film of oil may be used on the water. From .go to 1.10 carbon, 
about 4 or 5 ins. of oil may be used on the water, and for higher 
steel oil should be used and kept cool by an external tank of 
cold circulating water, or by a coil of pipe inside of the tank with 
cold water running through. 

Tempering must be suited to the carbon; .7o to .80 carbon will 
require very little drawing; .9o to 1.10 may require tke oil to flash, 
and for higher carbons the oil may be burned off. Above 1.30 
carbon a heat that barely begins to show color will generally give 
a good spring temper. In tempering, as in hardening, good sense 
and good judgment are the best guides. 

The desirable composition of steel for helical springs according to 
the specificaticns of the Pennsylvania Railroad is as follows: 


Catboneereer acne rritn eit ae vase LOO pen cent: 
VE ATI ATES Cl Asters tete steers) sr erst osieel Viena 25 per cent. 
Phosphorus, not above.............. .05 per cent. 
Silicone seen see 


-35 per cent. 


Sulphur, not above...............++.. 03 per cent, 


In case the carbon is found to be below .go per cent., the manganese 
above .so per cent., the phosphorus above .o7 per cent. and the 
silicon below .25 or above .50 per cent., the springs represented by 
the sample or samples will be rejected. Springs made from bars 
three-eighths of an inch or less in diameter need not conform to the 
chemical limits above, but such springs will be rejected if the carbon 
is below .50 per cent., the manganese above 1.00 per cent. and the 
phosphorus above .r1 per cent. 

The desirable composition of steel for elliptical springs, according 
to the specifications of the Pennsylvania Railroad, is as follows: 
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I.00 per cent. 
-03 per cent. 
-25 per cent. 
-I5 per cent. 
-03 per cent. 
-03 per cent. 


Catboms20. ca 2 on eee eee emer 
Phosphorus, not above. 2. a. eele= seer 
Manganese, not above............---- 
Silicon, not abOVeass.-..5 sees teeter 
Sulphur, not. aboOver: asses 
Copper, notabovie.. 22a. cee eee 


Springs, however, will be accepted which on analysis show the metal 
to contain: 


Carbon, mot below .9o per cent. or not 
BOVE) ataodes sere oer 
Phosphorus, not above.............-. 
Manganese, not above..........-.. ee 
Silicon, not above.......... ees 
Sulphur; not abovesws. soe -ee eee 
Copper, not above...2 2, oe eee ee 


1.10 per cent. 
-O5 per cent. 
-50 per cent. 
-25 per cent. 
-05 per cent. 
-O5 per cent. 


For additional information on steel for springs see Steel. 

Particulars regarding the behavior of springs and the practice of the 
Westinghouse Electric and Mfg. Co. are given by R. A. PEEBLES, 
Research Engineer of the company (Amer. Mach., May 2, 1912). 

The drawing usually specifies the free height of the spring, the num- 
ber of turns, the size of wire or bar, and either the outside or inside 
diameter of the spring according to where it is to be used. The 
specification provides, however, that the manufacturer, in order to 
obtain the desired combination of load and compression, may vary 
the size of wire used, provided the fiber stress figured from the size 
substituted be not more than ro per cent. greater than the stress 
figured from the size specified on the drawing. Imperfect workman- 
ship is responsible for the greater number of poor springs, and in 
the majority of cases the faults seem so slight that it is often diffi- 
cult to convince the manufacturer that they are the cause of the 
discrepancies. 

It will be found that of springs which are accurately designed those 
give most trouble which have the smallest number of turns or the 
smallest diameter in proportion to the size of the wire. This is 


Fic. 15. 


Fic. 16. 
Fics. 15 and 16.—Correct and incorrect constructions of springs. 


because the source of most of the inaccuracy is in the two end turns 
which are set up against the adjacent turns and ground or hammered 
flat to fit the spring seat. 

The end of the wire in the set up end turn should no more than touch 
the next turn as shown in Fig. rs, and not lap against it as in Fig. 16. 
In a large proportion of the springs tested the end turns lap as in 
Fig. 16, often to the extent of } to ? of a turn at each end. This 
robs the spring of 4 to ? of an active turn, thus increasing both the 
compression per turn and the corresponding load at the required 
compression. 

It will easily be seen that this is a serious matter in a spring of say, 
four to six turns and is sufficient in itself to throw the spring outside 
the requirements even of a specification which permits a variation 
of ro per cent. from the specified load. In the case of some large 
springs tested the load at a given compressed length was found to 
vary from 6000 to 14,000 Ibs. The load required was gooo lbs. 
These springs were from }§ in. diameter bar and had only 33 turns. 
In some of them the end turns did not touch the adjacent turn at the 
tip. These were the low ones. In others the end turns lapped nearly 
a half turn. 


By far the larger number of springs which fail to pass are too strong. 


SPRINGS 


Springs are seldom below the requirements. This was explained by 
one spring maker on the ground that springs are usually accepted 
by railway companies even when considerably over the specified 
loads. Since the work done for railway companies forms a large 
part of their business, the spring maker usually aims high. This is 
given for what it is worth; as a matter of fact, we have seen that the 
ordinary defects of manufacture are such as would increase the load 
at a given deflection. - 

In a discussion on springs (Trans. A. S. M. E. Vol. 23) A. S. Cary 
referred to the many different methods of making springs, the various 
ways of preparing the wire for them, their treatment during manu- 
facture and their treatment after they leave the spring machine. 

Thus, springs are made from hard drawn or hard rolled wire which 
receives no tempering treatment after being coiled. Wire made hard 
by working owes this quality of hardness to the many internal stresses 
it contains. Such springs have a comparatively limited elastic 
limit and are easily fatigued, although the resistance to extension 
or compression, within the elastic limit, is considerably greater than 
with any other kind of wire of the same size. 

A hard drawn or hard rolled steel spring can be much improved 
by a process invented and patented by Mr. Cary’s father, by which 
the spring, after being formed and pressed, is heated to a temperature 
between 400 and 700 deg. Fahr. and then rapidly cooled in a blast of 
cold air. A spring of this kind, after this treatment, seems to have 
the internal stresses which were introduced during the coiling and 
pressing processes removed; its elastic limit is materially increased 
and it is less easily fatigued. 

In making compression springs by this process it is found necessary 
to coil them to a considerably greater pitch than is found in the 
finished spring, and then they must be subjected to a sudden overload 
beyond their original elastic limit which reduces their pitch considera- 
bly, and then we obtain a fairly efficient spring, but one inferior to a 
tempered steel spring. 

The best and most durable springs that can be made are formed 
from comparatively high carbon soft steel wire which, after being 
finished, are hand tempered—that is, they are first heated in a char- 
coal fire to a cherry red or slightly higher, and then plunged into a 
liquid bath, which is generally one of oil. They are then carefully 
polished (over more or less of their surface) and held above the 
charcoal fire until the required temper color appears, which color 
differs with the various qualities of steel used. 

There are many variations of this process, differing in small particu- 
lars, but so delicate are the different manipulations if uniform results 
in any considerable number of these springs are to be obtained, that 
the process has been almost entirely abandoned by spring manufac- 
turers, the best of whom have adopted specially prepared tempered 
wire for their spring stock, and after forming and machining their 
springs they are tempered by the Cary process. 

I might add here that my most uniform results in hand tempering 
springs were obtained by heating and afterwards drawing them by 
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passing an eleciric current through them. The wire composing 
such hand tempered springs is, if they are properly made, free from 
all internal stresses when the spring is at rest, and in properly pro- 
portioned compression springs there is no setting or decrease in pitch 
after the coils are closed tightly one upon the other. 

Another method of making springs is to take steel wire or bars 
and heat them to a lower temperature than a welding heat, then coil 
them hot on the arbor, and before they have an opportunity to cool 
below a dull red throw them into an oil bath. The quality of steel 
used in this process is sufficiently low in carbon to make it unnecessary 
to draw the temper after hardening, but such springs are not to be 
classed as high grade. Most of the heavy car springs are made this 
way. 

In plunging red hot springs into their cooling bath great care must 
be exercised. If they are slowly immersed sideways, one side of the 
spring will often be tempered harder than the other, because of the 
different temperatures of the opposite sides of the spring when they 
are immersed. A similar result is sometimes obtained when long 
springs are slowly immersed endwise, one end of the spring being 
found harder than the other. 

Experience has taught that the most serviceable extension springs 
are those coiled in such a manner as to have their coils, before exten- 
sion, press so closely together as to require the application of a certain 
initial load before the coils begin to open. ‘This initial set is obtained 
by using hard drawn or tempered spring wire and delivering it to 
the arbor on which the spring is formed in a twisted manner—that 
is, by twisting or revolving the wire around its own axis the same as 
the strands of a rope are twisted firmly together. It has been found 
that the Cary process of tempering does not affect this initial torsional 
strain in extension springs, although the hand tempering process, 
where the spring is heated to redness, destroys it. 

Springs for use in salt water should be made of phosphor-bronze 
in order to avoid corrosion. According to the Brass World 1907, 
if the mixture is rightly made this material cannot be surpassed by 
anything except steel, but if not, it is inferior to yellow brass. 

Experience has taught that if the phosphorus in rolled metal exceeds 
.05 per cent., the bronze is injured. 

The greatest variation in rolled or drawn phosphor-bronze is 
caused by the tin content. A bronze which contains only 3 per cent. 
of tin is inferior to one which contains 8 per cent., although both 
may be phosphor-bronze. On account of the difficulty in rolling 
or drawing phosphor-bronze containing a high tin content, manu- 
facturers will substitute a lower percentage if it is possible to 
do it. 

A good spring should contain only copper, tin and a very small 
quantity of phosphorus. 

Those who have had trouble with phosphor-bronze springs should 
ascertain whether their troubles are not caused by the absence of 
the necessary amount of tin, or the presence of zinc. The temper 
is produced by cold-rolling. 


BOLTS, NUTS AND SCREWS 


The terms lead and pitch, as applied to screw threads, are not always 
clearly defined, the result being confusion in the case of ee corn 
thread screws. A further confusion arises from a loose use of the 
word pitch in the case of single-thread screws which advance the nut 
somewhat near 1 in. per turn. Thus, while the term 8-pitch means, 
clearly enough, } in. pitch, the expression 1} pitch is not clear because 
it is not known whether the screw is of one and a half turns per inch 
or of 13 in. per turn. This form of expression has no proper applica- 
tion to screw threads and should be discontinued. The best fone 
expression, because of its universal application, is 4 in. pitch, 13 2 
pitch, etc. If the pitch is an aloquot part of an inch, for example 3, 
the expression 8 threads per inch is satisfactory, as it cannot lead to 
confusion. 

The confusion between the terms lead and pitch should lead to the 
general, as it already has to considerable, adoption of the usage of 
these terms by the Brown and Sharpe Mfg. Co. By this usage, 
the advance of a screw to one turn is the Jead, which is the only term 


Lead or Pitch 


Fic. 1.—Single thread. 


Fic. 2.—Multiple thread. 
Lead and Pitch Screws and Worms. 


they ever use to designate this advance. The turns to an inch are 
obtained by dividing 1 in. by the Jead. Conversely, the quotient of 
tin. divided by the number of turns to an inch is the lead. In other 
words, the product of the lead multilplied by the turns to an inch is 
always equal to r in. 

The term pitch has been limited to designate the distance between 
two consecutive threads or between two consecutive teeth. Divide 
1 in. by the pitch and the quotient will be the threads to an inch. 
Divide x in. by number of threads to an inch and the quotient will 
be the pitch. 

The product of the pzich multiplied by the number of threads to 
an inch is always equal to 1 in. , 

The distinction for single,- and multiple-thread worms or screws 
is shown in Figs. r and 2, from the former of which it will be seen 
that, for single - but not for multiple-thread screws, pitch and lead 
are dentical (O. J. Beate, Amer. Mach., July 18, 1907). 


Screw Thread Standards 


There is no standard V thread and the continuance of that con- 
struction is a simple nuisance. The taps and dies of different makers 


are not alike and will not interchange, while none of them agree 


with the theoretical or paper “standard.” Under these circumstances 


it is impossible to give tables of dimensions of any value and for this 
reason such tables are here omitted. American tap and die makers 
are making a united effort to retire the V thread in favor of the U. S. 
Standard and their efforts should have the support of all. 
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Friction of and Resultant Load on Screws and Bolts 


The friction of screw threads formed the subject of experiments by 
Pror. ALBERT Krincssury (Trans. A. S. M. E., Vol; 27): “The ay 
periments were made on a set of square threaded screws and nuts 0: 


the following dimensions: 


Outside diameter of screw. .-..----++--++++++05 1.426 ins. 
Inside diameter of nut......-----+-+-++++++-0+- 1.278 ins. 
Mean diameter of thread.........------+--+--+-- 1.352 ins. 
Pitch of thread... 2... +.:2+042-n+ vas oeaea emi 
Effective depth of nut......--.-----+++++++0-+- I7¢ ins. 


The conclusions are that for metallic screws in good condition, 
turning at extremely slow speeds, under any pressure up to 14,000 
Ibs. per sq. in. of bearing surface and freely lubricated before appli- 
cation of the pressure, the following coefficients may be used: 


Coefficients of friction 


Lubricant 


Min. Max. | Mean 
Lard! oil): tatok 6 tis pote oe ee } .09 .25 ste 
Heavy machinery oil (mineral)..............- Be -19 -143 
Heavy machinery oil and graphite in equal | .03 ee .07 
! 


volumes. 


Note that the experiments measured the friction of the thread 
surfaces alone—the friction of the step being eliminated by the 
construction of the apparatus. 

The screws tested were made of various materials—mild steel, 
wrought iron, cast-iron, cast bronze and case hardened mild steel, 
and the nuts of mild steel, wrought iron, cast-iron, and cast brass. 
No material difference was found due to these materials. 

In use, these coefficients should be substituted in the formula by 
which they were calculated as follows: 

0-H 
in which Q=tangential force necessary to turn the nut applied at 
the mean radius of the thread, Ibs. 
P=total axial load, Ibs. 
p=pitch of thread, ins. 
d=mean diameter of thread, ins. 
f=coefficient of friction. 

For the efficiency of screws as affected by the helix angle of the 
thread, see Efficiency of Worm Gears. The same formulas apply to 
both constructions. 

The resultant stress on bolis due to the initial stress resulting 
from tightening the nut and the addition of a load, such as the 
steam pressure on a cylinder head, depends on the relative elasticity 
of the bolt and the connected parts and is usually indeterminate. 
There are two extreme conditions between which actual cases 
usually lie. The extreme conditions are represented by Figs. 3 
and 4. : 

Case I.—Elastic Bolt and Non-elastic Block.—Let the bolt be repre- 
sented by a powerful spring, asin Fig. 3. Let the block be fixed 
and let the nut be screwed up to produce an initial strain of 5000 
Ibs., and then let the stirrup with its weight of 5000 Ibs. be added. 
Under these conditions, the added weight will not increase the 
strain, because if it should the spring bolt would stretch under it, 
the block being non-elastic would not follow, the lower washer would 
leave contact with the block, and the supposed increased strain would 
instantly relieve itselfi—hence there can be no such increase. 


(Continued on page 216, first column) 
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TaBLE 3.—U. S. (SELLERS) STANDARD SCREW THREAD 
| = ‘ <e =pitch= ; 


b=pitch 170. threads per inch ae 
Formulas ; d=depth=pX.64952 
aries +0052 
8 - = 
eee ee ate ar oe Width | Width at 
A : Diameter at root | Width of flat, : a 
eas Se” | Threads per in. of thread, ins. ins. Pitch threads per poise 
20 +185 ape 5 $ +7414 
18 +2403 - 0069 ; A ; Dae 
16 2938 ‘ .0078 af pS 
14 +3447 oe! - eee 
. 4001 009 
13 4 ui 
-4542 - 0104 
-5069 O14 lis 
-5576 .0125 14 
. 6201 0125 
- 6682 0139 
= 7307 . 0139 
: 4 ee - 0156 i} 5 -5725 -4170 -4118 +7079 
*F 8 18 I2 3938 - 3886 ” 
, 8 8376 . 0156 Ids iF 54 6686 
: : 0394 .0179 I 1 510 3707 3655 6203 
i, : ; 1.0644 -O179 5 Tis 4787 3476 3424 5898 
i: ’ t 17 4475 3243 3191 -5506 
6 I.1585 .0208 
- 6 1.2835 .0208 2B iy 4162 3012 - 2960 -5112 
; ei 5} 1.3888 .0227 3 13 385 2780 .2728 -4720 
It 5 1.4902 0250 i I 3537 2548 2406 4327 
4 ; 5 1.6152 -0250 3 13 3433 2471 -2419 +4194 
t Ig 3225 2316 - 2264 3934 
2 44 Te7l es .0278 
25 2 1.8363 -0278 ts 1 2012 2085 - 2033 3539 
2} 4h 1.9613 .0278 4 2 260 1853 - 1801 -3147 
23 4 2.0502 . 0313 He 22 2287 1622 -1570 -2752 
‘ 23 4 2.1752 +0313 3 2i 210 1482 1430 -2518 
3 22 1975 1390 1338 -2359 
2g 4 2.3002 +0313 
24 4 2.4252 +0313 } 3 -1766 | .1235 -1183 - 2008 
24 3} 2.5038 -0357 * 3} 1662 | .1158 1106 | . 1966 
3 3k 2.6288 +0357 3 33 +1528 - 1059 - 1007 -1797 
3k 3% 2.8788 0357 i 4 350 | “ager .0875 1573 
Hy 4} I211r -0824 0772 . 1308 
34 3t 3.1003 .0385 
3t 2 SSP 70 Bona 3 5 -Ir0 -O741 - 0689 -1259 
4 3 "3.5670 . 0417 - st 1037 oes sks ere 
_ & 24 3.7982 0435 4 6 esa} Getay pees ale 
42 2} 4.0276 0455 z 7 obra |) eeae ane pe 
4 8 -072 -0463 -O411 -0787 
4 25 4.2551 0476 
5 23 4.4804 -0500 t 9 .0655 0413 ante wee 
iy 10 060 -037I .0310 062 
- *The 4, 18 and 18 are usuall made 11, ro and 9 threads per vd . ? 
16> 16 16 yi , 9 Pp 


I : 
ter 16 .O412 -0232 -or8o0 -0302 +0444 
; inch respectively, but under the Sellers’ Formula, strictly fol- CO  —  e 


TABLE 6.—Britisu (WurrwortH) Stanparp Screw THREAD 


P. lowed, they should be To, 9 and 8 respectively. 


TABLE 4.—Britisu ASSOCIATION STANDARD Screw THREAD 


b=pitch 


d=depth =px.6 


F No. q No. Ni 
Diem : No. . No. 
ee he ae thrds, |] P!8™ | onrds, || Diam. thrds, |} Plea tga 
= pee 5 ‘ : ins. : ins. ins. 
ani per in per in. per in. iY per in. 
j 20 i ° 2 4} | 3t 33 
Diameter, Pitch, * = i 9 2% 44 3% 4 53h 
No mm. mm. us a sn 3 at 4 33 3t 
ie 4 I 7 2} 4 
7 2.5 -48 } 2 1} 7 2} 4 3 a 
8 he “43 x : 
9 1.9 +39 ts 12 rq 6 2} : j 
10 7 -35 f Ir 1} 6 22 3 4 : 
12 1-3 28 Br) Ir 1§ 5 2 3h 
14 1.0 +23 i Io 1 5 3 3 
16 -79 pay # Io t : 
ne a ee ia 
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TABLE 7.—CONSTANTS FOR FINDING THE DIAMETER AT THE BoTToM 
oF Screw TuREAps oF U. S. Form (Pratt & WuItNEY Co.) 


C=constant for number of threads per inch. 
D=outside diameter. 
D*= diameter at bottom of thread. 


Di=D-C. ° 
_ Threads per inch | Constant || Threads per inch | Constant 
: 64 02030 16 .o8119 
60 02165 14 09279 
56 .02320 13 - 09993 
50 -02598 12 -10825 
48 .02766 II} - 112096 
44 -029052 ro - 11809 
40 .03248 Io ~12990 
36 - 63608 9 -14434 
32 04059 8 -16238 
30 04330 7 ~18558 
28 . 04639 6 » 21651 
27 -04812 53 .23619 
26 -04996 5 + 259081 
24 -05413 43 . 28868 
22 -€5905 4 +32476 
20 -06495 3% I37LI5 
18 07217 + 43301 


TABLE 8.—INTERNATIONAL AND FRENCH METRIC STANDARD 
Screw THREADS 


f p =pitch 


Formulas j d depth =pX .64052 


=? 
flat =F 


Diameter at root 


Diameter of screw, | Pitch, See Width of flat, 
mm. mm. ee mm, 
3 -5 2.35 .06 
4 o75 3.03 -09 
5 -75 4.03 -09 
6 rete 4.70 a13 
7 1.0 5.70 ai3) 
8 1.0 6.70 -13 
8 ces 6.38 716 
9 1.0 7.70 aS) 
9 T.25 7.38 .16 
10 5 8.05 .19 
II I.5 9.05 -19 
12 5 10.05 .19 
12 ESTs 9.73 +22 
14 2.0 II.40 na 5 
16 2.0 13.40 -25 
18 255 14.75 +31 
20 aa 16.75 peti 
22 2.5 18.75 13 0 
24 3.0 20.10 38 
26 3.0 22.10 -38 
27 Bro 23.10 -38 
28 3.0 24.10 .38 
30 3-5 25-45 +44 
32 3.5 27-45 +44 
33 3-5 28.45 44 
34 Bay 20.45 44 
36 4.0 30.80 5 
38 4.0 32.80 5 
39 4.0 33.80 .5 
40 4.0 34.80 +5 
42 455 36.15 .56 
44 425 38.15 -56 
45 4.5 39.15 .56 
46 4.5 40.15 .56 
48 5.0 41.51 .63 
50 5.0 43.51 63 
52 5.0 45.51 -63 
56 Sa 48.86 .69 
60 as 52.86 «69 
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oat 
1 \ aby ip a | t 
B= Refers to all Nuts and Dx 1,5= Length of Threaded Portion 
Screw Heads P =Pitch of Thread 
D~= Diameter of Screw Perit Top 
d= Diameter of Cotter Pin 8 


TABLE 9.—S. A. E. ScREW STANDARD 


Dimensions.—All dimensions in inches . 

Finish—All heads and nuts to be semi-finish. 

Material.—For all screws and nuts—steel; tensile strength, not 
less than 100,000 lbs. per square inch; elastic limit, not less than 
60,000 Ibs. per square inch. 

Screws are to be left soft. Screw heads are to be left soft. The 
plain nuts are to be left soft. The castle nuts are to be case-hardened. 

It is assumed that where screws are to be used in soft material, such 
as cast-iron, brass, bronze or aluminum, the United States standard 
pitches will be used. 

Tolerance-—The body diameter of the screws shall be one-thou- 
sandth (.oor’’) inch less than the nominal diameter, with a plus 
tolerance of zero and a minus tolerance of two-thousandths (.002”’) 
inch. 

The nuts shall be a good fit without perceptible shake. 

The tap shall be between two-thousandths (.002’”) inch and 
three-thousandths (.003”’) inch large. 


D 4\ a5 | 3 | ae] 4 ite) $48] 2 | e | t | re} xk | te | 
ie 28) 24 245) 20) |'20)| 18 78. 26) 16") 14) 74 | 22) E2512) | ea 
A &| 2/8 |B] wel) a] Oe | | ot loa | rd |] 1 
Ar jaw l|l|H) e/a la |e) | |] Ot | OS | ode att | ore 
B de | 4|%e| & | 2) F | 48] xt [ade | rd [ree] r# | ris] 2 | avs 
G live eri scolleeale cai ee iiere eee | ee ll eee eagle iu 
E &l&ls |e /Hlel|s| S|] S|] |] wT] we] t | 2 
H SIH|SIH| S/H] we | BH] t | HY] OB | ra| 3 
I Slalstia] ela] aes] a] a] a | a | a] we] t | 2 
K &BlelalaelaelSlalal| al) Hl] Sl] a] a] vw] we 
d wilel&ielsletltltl ele Lea leiak#l&kia 


Sizes oF TAPS DRILL SIZES 


2 in. X28 threads 3a in. 
js in. X 24 threads $t in. 
2 in. 24 threads 24 in. 
7s in. X 20 threads 2) in. 
% in.X20 threads 7s in 
7 in. X18 threads 4 in. 
6 in.X18 threads 32 in, 
11 in. X16 threads $9 in. 
2 in. X16 threads 43 in, 
# in.X14 threads 25 in, 
1 in.X14 threads 23 in 
14 in. X12 threads I¢z in. 
ri in. X12 threads I¢z in 
13 in. X12 threads 1%, in. 
13 in. X12 threads 123 in 


1 No, 5 Drill gage. 
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__A. S. M. E. STANDARD SPECIAL ScREwsS, U.S. STANDARD 
TABLE 10.—A. S. M. E. STANDARD MACHINE SCREWS, U.S. STANDARD |/TABLE II. 25. M. Vouk ow Tene 
Form oF THREAD 2 ; A ; Root diam. 
T - Basic size | Outside diam. | Pitch diam. : se ae 
F—J j = FT ea . * s ; S aes 
p=pitch No. thds. per in. Noss )2O:Di-0-P1, | Min. | Max. | Min. | Max in 
.0629 | .0494 | .0527 
= =pX.64952 073-64 .0698 | .0730 | .0612 
Homuulas 4 ¢ go oes : See .0825 | .0860 | .0727 | .0744 | .o501 | .0628 
pmsaree e 009-48 .0952 | .0990 | .0836 | .0855 | .0678 | .0719 
: 4 .II2-40 .1078 | .1120 | .0937 | -0958 | .0747 | .0795 
Basic size | Outside diam. | Pitch diam. | Root diam. 112-36 .1076 | .1120 | .0918 | .c940 | .0707 | .0759 
No. | 0.D.-T.P.I. | Min. | Max. | Min. | Max. | Min. | Max. 3 | .xzso | -xes7 | 208s | ue 
S goer te EC hee Sea I ae a : ae ee yada ag -1070 | .0837 | .0889 
I .073-72 .0700 | .9730 | .0625 | .0640 | .0520 | .0550 -125-3 a 3 pes 1178 | .s300 | eae 
2 . 086-64 -0828 | .0860 | .0742 | .0759 | .0624 | .0657 6 ee ena ote “1154. | 2077 | oe 
3 .099-56 -0955 | .0090 | .0857 | .0874 | .072I | .0758 : 7 i ae — 
i, 112-48 -1082 | .1120 | .0966 | .0985 | .0808 | .0849 7 - £51-32 -1463 | -I5I0 | -1284 | -1307 47 - 
— -146 -I510 | .1269 | .1294 | .1017 .1077 
5 . 125-44 -I210 | .1250 | .1082 | .1102 | .0910 | .0055 4 eae oe paps .1414 | .1437 | -1177 | -1234 
6 . 138-40 ~ig3e | -t300") .IO7 | .x2I8) .t007 | ~ Toss ae Pacad .x64e | Sapo .1423 1147 .1207 
7 . 151-36 -1466 | .1510 | .1308 | .1330 | .1007 | .1149 - “177-30 .1722 | .1770 | .1529 / -ISS3 | -5277-) sha 
8 . 164-36 -1596 | .1640 | .1438 | .1460 | .1227 | .1279 read OY WIRES ee .1499 | .1x58 | eae 
9 . 177-32 723 eel77O)||| P5440 L507 |) 21307 all nt GO4 
10 190-32 -1853 | .1900 | -1674 | -1697 | .1437 | .1404 
Bae) . 190-30 .~1852 -1900 |} .1660 .1684 | .1407 . 1467 .190-24 .1848 | .1900 | .1603 1629 1287 1359 
12 - 216-28 -211I | ,2160 | .1903 | .1928 | .1633 | .1606 oP 216-24 -2108 | .2160 | .1863 | .1889 | .1547 | .1619 
I4 +242-24 -2368 | .2420 | .2123 | .2149 | .1807 | .1879 14 242-20 .2364 | .2420 | .2067 | .2005 | .1688 | .1770 
16 . 268-22 -2626 | .2680 | .2358 | .2385 | .2013 | .2000 16 G68 a5 .2624 | .2680 | .2327 .2355 | .1048 | .2030 
18 «294-20 -2884 | .2040 |} .2587 | .2615 | .2208 | .2290 
18 .294-18 .2882 | .2940 .2550 -2579 .~2129 2218 
20 -320-20 -3144 | .3200 | .2847 | .2875 | .2468 | .2550 20 .320-18 .3142 | .3200 | .2810 | .2830 | .2389 | .2478 
22 .346-18 -3402 | .3460 | .3070 | .3099 | .2640 | .2738 22 .346-16 -3400 | .3460 | .3024 | .3054 | .2550 | .2648 
24 + 372-16 -3660 | .3720 | .3284 | .3314 | .2810 | .2908 24 .372-18 -3662 | .3720 | .3330 | .3359 | .2909 | .2908 
26 398-16 +3920 | .3980 | .3544 | .3574 | .3070] .3168 26 308-14 .3918 | .3980 | .3485 | .3516 -2044 | .3052 
28 «424-14 +4178 | .4240 | .3745 | .3776 +3204 | .3312 
28 -424-16 -4180 | .4240 | .3804 | .3834 | .3330 | .3428 
30 +450-14 -4438 | .4500 | .4005 | .4036 | .3464 | .3572 30 - 450-16 -4440 | .4500 | .4064 | .4004 | .3590 | . 3688 


Norge.— Maximum sizes are standard. 
There is a fairly widespread feeling that the differences between the 


TABLE 12.—TaP Dritts For MACHINE ScREW Taps 
(Pratt & Whitney Co.) 


Note.—Maximum sizes are standard. 
maximum and minimum sizes of the above tables are too large. 


TABLE 13.—Tap Dritis For A.S.M.E. 
STANDARD MACHINE Screw TAPS 


Size of No. of Size of Size of No. of Size of (Pratt & Whitney Co.) 
tap threads drill tap threads drill - 3 | < 
- ; 2 Size of No. of Size of || Size of | No. of Size of 
g #53 5 aa 2h a2 tap threads drill || tap | threads drill 
5 50 13 20 19 ] ; 

J On Ae ne Py i o 80 =| 0465 9 32 . 1405 

3 40 49 14 20 16 It 64 / .055 Bae) 24 / -140 

: 48 48 * a ox I 72 - 0595 ro0CO | 30 eee 

2 56 -0670 | bate) | 32 I 

3 56 44 14 24 P a 

4 a 48 fe Bp . 2 64 070 12 } 24 . 166 

4 36 45 15 20 10 | 

4 40 44 aa oy 6 3 48 .076 | 12 28 : -173 

5 30 44 a6 a “ 3 56 -0785 14 20 -182 

4 36 .080 14 | 24 19. 
2 | ~TO35 

Me ee fos fk [ : | 2) Ss 

20 8 8 ) 
é i ae 40 16 24 2 : = < = Ste 
° 

, a es ‘a * 1 8 36 0035 18 18 228 

; j 7 I 4 5 40 0908 18 20 -234 

, 3 36 07 20 2 5 44 0905 || 20 18 257 

40 33 18 16 3 6 32 IOI . 2 
5 °o 20 261 
7 28 35 18 18 2 6 36 1065 22 16 a 
A 30 34 18 20 A ) S 
2 

3 31 19 16 I 6 40 110 22 18 281 

7 24 34 19 18 B 7 30 II3 24 16 205 

: 30 30 19 20 D 7 32 116 24 18 302 

32 30 20 16 Cc 7 36 120 26 14 316 

: zs 30 20 18 E 8 30 1285 26 16 323 

29 20 20 H ] ; 

9 30 28 22 16 H 8 32 1285 28 | 14 .339 
os 32 27 22 18 i) 8 36 136 28 16 348 
os 24 28 24 14 K 9 a4 1285 390 14 368 
ss 28 26 24 16 ie 9 30 136 30 16 377 

30 24 24 18 N : 
10 32 24 oe The diameter 8iven for each hole to be tapped all 
14 N Pped allows for a practical clear- 
As 24 ah re a 4 ance at the root of the thread of the screw and will not impose undue 
II 28 Pa ae - 0 Strain upon the tap in service, 
as 30 19 28 16 S 
12 20 24 30 14 T 
a2 a3 20 30 16 Vv 


hread near enough for all practical Durposes, but 


BOLTS, NUTS AND SCREWS 215 


TABLE 14.—A. S. M. E. STANDARD PRoporTIONS oF MacuIne Screw HEADS 


OvaL FiILLister Heap Screws 
A=diameter of body 
B=1.64A — .009=diam. of head and rad. for oval 
C= .60A — .002=height of side 
D=.173A+.015 
E=}7F = depth of slot 
F= .134B+C=height of head 


Fiat FiritisteErR Heap Screws 


A =diam. of body 

B=1.64A — .009=diam. of head 
C= .66A—.002=height of head 
D= .173A+.015 = width of slot 
E=}C=depth of slot 


A B G D E F A B G D E 
060 0804 .0376 025 .025 .0496 .060 0804 0376 025 O19 
073 - 1107 - 6461 .028 . 030 . 0609 0°73 . 1107 0461 028 .023 
086 ai 32 -0548 .030 .036 0725 .086 Kite) 0548 .030 027 
0909 E53 - 0633 .032 .042 . 0838 .009 orate} - 0633 2032 032 
-ff2 -1747 .0719 .034 .048 -0953 Bone) 1747 .0719 .034 .036 
-128 196 0805 -037 053 . 1068 O25: . 196 0805 037 . 040 
1138 aah . 089 .039 059 .1180 .138 27, .0890 .039 044 
-I51 2386 0076 O41 065 .1206 ISI .2386 0976 O41 .049 
-164 ~25090 . 1062 043 OTT .1410 .164 2599 . 1062 -043 053 
oe iri 2813 -1148 046 .076 -1524 Ae By fy - 2813 -1148 .046 -057 
. 190 +3026 -1234 048 - 082 - 1639 -190 -3026 .1234 .048 .062 
216 -3452 -1405 .052 003 . 1868 .216 -3452 1405 052 .070 
~242 -3879 -1577 +057 +105 +2097 +242 - 3879 -1577 057 -079 
268 -4305 -1748 061 aoe EG -2325 268 -4305 -1748 061 .087 
-204 -4731 -192 - 066 -128 +2554 .204 -4731 .1920 . 066 .096 
-320 -5158 - 2002 .070 140 2783 ag320) 5158 . 20902 .070 .104 
-346 -5584 .2263 .075 .150 3011 -346 5584 22263 .075 Be A} 
2-372 . 601 - 2435 .079 -162 -3240 ca72 . 601 - 2435 .079 pie 
398 6437 . 2606 084 173 - 3469 .398 6437 . 2606 084 .130 
-424 -6863 -2778 088 185 . 3608 ~424 - 6863 .2778 088 -139 
450 a7 27 ~205 -093 «201 - 4024 .450 a GfAz -295 . 003 EAT 


RounpD HEAD ScREWS 


A=diam. of body 

B=1.85A — .005 =diam. of head 
C=.7A=height of head 
D=.173A+.o015 = width of slot 
E=1C+.01=depth of slot 


Fiat HEAD SCREWS 


A =diameter of body 
B=2A—.008=diameter of head 
eee ee =depth of head 
1.739 


D=.173A+.015 =width of slot 
E=1C= depth of slot 


A | B c | D E A c B a D E 
060 112 029 025 o1o0 060 106 042 025 031 
-073 138 037 028 o12 073 130 O51 028 035 
086 164 045 030 O15 086 154 060 .030 040 
C99 190 052 032 O17 099 178 069 .032 044 
112 216 060 034 020 : 112 202 078 034 049 
125 242 067 037 022 125 226 087 037 ah 
138 262 075 039 025 138 250 096 .039 oS 
EXSY 204 082 O41 027 151 274 105 .O41 We 
-164 320 .090 043 030 164 298 II4 — oe 
5077 346 0907 046 032 py Arg 322 123 04 

-190 372 105 048 035 190 346 133 AS cae 
216 424 120 052 .040 216 394 151 05 rae 
242 472 135 057 045 242 443 169 oe ss 
(268 528 150 061 050 . 268 491 187 oe is 
eo 580 164 066 055 2904 539 205 fo) 

I .070 060 320 .587 224 070 122 
ae ae ‘ 075 065 346 -635 242 075 oe 
: 732 209 079 070 372 683 260 079 
fea 084 075 398 731 278 084 149 
i ie a 088 c80 424 779 206 088 158 

424 .840 
450 802 254 093 085 450 827 315 093 LO7 
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Taste 15.—S. A. E. Lock WASHER STANDARDS 
AUTOMOBILE HEAVY (A. H.) 
For General Use 


Temper.—After compression to flat, reaction shall be sufficient 
to indicate necessary spring power, and on a subsequent compression 
to flat the lock washer shall manifest no appreciable loss Beis isi 

Toughness —Forty-five per cent. of the lock washer, inclu ee 
one end, shall be firmly secured in a vise, and 45 per a : 
including the other end, shall be secured firmly between ee - 
jaws of a wrench. Movement of the wrench at right angle to 
helical curve shall twist the lock washer through 45 deg. 
without sign of fracture; and shall twist the lock washer entirely 

ithi deg. ; 
Bee ce of lock washers shall coincide practically 
with the long diameters of S. A. E. Standard nuts, which are ap- 
proximately the short diameters of United States Standard aus: 

The inside diameters of the lock washers shall be from ¢; in. to 
zy in. larger than bolt diameters. 

All lock washers shall be parallel-faced sections; and bulging or 
malformed ends must be avoided. 


Lock washer 


Lock washer | poy ae 
i j olt diameter : 
Bolt diameter section Section 
: : : a= ter aa: 
a5 is ie in. Xze in. 44 in. : in.X% in 
j ; ‘ Sle ree gn 
¢ in. ez in. xX %& in. | 5 tho Z are in 
, 5 : ee 
75 in. % in. Xin. # in. gz 10. Xoo 1D. 
ie In 8 8 ie bbe 
2 in. sin.X% in. i This Ys rs in. 
75 in. 4# in. X# in. 1% in. Fig WELK a vi 
: A : oes a As 
4 in. éz in. X# in. td in. #in.xX? in 
: : a: 3° 3 A 
35 in. # in. X# in. 13 in. 3 PEs in. 
: ; ; Fl eis 
2 in #Bin.xXB in. 13 in. zs in. X¥q5 in. 


AUTOMOBILE LIGHT (A. L.) 
For Optional use Against Soft Metal 


Bolt diameter Lock washer section 
7s in te in. X &-in. 
1 in, & in. X +, in, 
Tein. % in. XZ in. 
3 in, 4% in. X35 in. 
qs in $z in. xX 4 in, 
4 in. $2 in. xX -44in, 
85 in. $i in. X25 in. 
Sin. Si I Mey ine 
i¢ in 4 in. X33 in, 
$ in. 4 in. X33; in, 
} in. é¢ in. X33, in. 
ae is in. xX 4 in. 


Case II.—Elastic Block and Non-elastic Bolt.—Let the block be 
now represented by a spring, as in Fig. 4. As before, let the nut be 
screwed up to produce an initial strain of 5000 lbs., and then let the 
stirrup and weight be added. Obvicusly the bolt is now loaded with 
a strain of 10,000 Ibs., because, unlike the first case, the second 
load has in no way affected the first. 

In actual cases the situation is more involved, as both block and 
bolt are elastic, and the question becomes one of difference of elas- 
ticity; but the conditions and the final effect vary between the two 
cases shown as extremes. It is sometimes possible, but more often 
impossible, to say which extreme is most nearly approximated, but 
when the whole matter hinges on such obscure conditions, the only 


safe course is the conservative one, to regard the initial load as part 
of the final strain, 
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TABLE 16.—TENSILE AND SHEARING STRENGTHS OF S. A. E. STANDARD 
Botts AND Nuts. By JosepH A. ANGLADA 


| Shearing strength 


Tensile strength 


Ss 

on |__Asse | . oD : Bolt Bottom of 

8 @ a e cia thread 
3 g Sy o 5 5 == aa 
3| 3/3 $) 8) 0) 8 (oe 
alate 21h [2 | 2°) Sa) eee 
| el “3 oO eS = o 73) So, eas ene 
ie eal ge 18 18 8 aed eed oe 
z|3 3 o E = Sle ee 51 S83] 45] a5 
a 8 [Shae ~ # a¢ aq oad at eke a a a 
g u a be! # S ee wos oo re 3 = = 
zlBlA a}maie < = < 
} | 28].2037|.0491|.0325 6511 814{ 977 mn 1,105} 488 731 
ts | 24 2584 .0767|.0525] 1,050] 1,312] 1,575] 1,I5"| 1,726] 788] 1,181 
} 24 ees .1104|.0808| 1,617| 2,021| 2,426] 1,656 2.484 [1,212 1,818 
ts a6 3626 .1503|-1132| 2,264} 2,83¢] 3,396) 2,255] 3,382 )1,698; 2,547 
3 | 20|.4351|.1963).1486) 2,072| 3,726] 4,459| 2,045] 4,417|2,229] 3,344 


Ye | 18] 4904|.2485|.1888) 3,777| 4,722] 5,666] 3,728) 5,501 Bee <— 
§ | 18).5529|.3068|.2400] 4,800} 6,00c}] 7,200] 4,602] 6,903 }3, 5,4 

# | 16).6064|.3712|.2888] 5,776| 7,220] 8,664| 5,568] 8,352|4,.332] 6,108 
2 | 16].6680).4418].3514| 7,028| 8,785 |10,542| 6,627| 9,941!5,271] 7,907 
% | 14|.7823|.6013].481£6) 9,633 |12,141 |14,449| 9,020/}13,529 7,224 | 10,836 
It 14| .9073] . 7854] .6463|12.926 |16,158 |19,389 |11,781 |17,672 9,605 | 14,542 


TABLE 17.—Tap DRILLS FOR STANDARD Pree Taps 
(No Reamers Required) 


; : 
Nominal -| Thds. per | Dbl. depth | rap drill | Outside 
size } in. of th’d : diameter 
| inches 
PY 27 .048 | % -405 
3 18 .072 : = | -540 
3 18 -072 : # 675 
3 14 .093 } # 840 
i 14 093 # I.050 
I 11} 113 1~ 1.315 
1} 113 eo &} | 18 : 1.660 
1} 113 113 | 1# 1.900 
2 11} .I13 2} 2.375 
2} 8 .162 21 2.875 
3 8 162 3% 3.500 
33 8 : 162 3H# 4.000 
4 8 162 435 / 4.500 
44 8 | 162 4 5.000 
5 8 162 5? . 5.563 
6 8 . 162 6% 6.625 
7 8 / .162 Tx 7.625 
8 8 -162 8% 8.625 
9 8 / .162 Oo* 9.625 
10 8 .162 10% 10.750 
| | | 
rr 8 162 rt 12.000 
12 é 8 i 162 128 13.000 
Fic, 3. Fic. 4. 
Fics. 3 and 4-—Resultant stress on bolts due to initial and applied 


loads. 


i— 


BOLTS, NUTS AND SCREWS 


Taper Bolts 


The taper bolt system of securing parts together, universally used 
for the exacting conditions of locomotive work, deserves wider use 
in other fields than it has received. Following are the particulars 
of the Baldwin Locomotive Works standard (Amer. Mach., May 22, 
1902) which has been in entirely satisfactory use since 1884: 

All bolts in this system are fitted in reamed gages made of cast- 
iron and of suitable length and section; the gages are known as 9, 
12, 18, 24 and 3o-in. blocks. A bolt 9 ins. inlength—measured from 
under the head to the point—is taken as a starting point. This 
bolt (shown in Fig. 5 at C) is exactly 1 in. in diameter at the point, 
and, consequently, at a taper of js in. per foot it is 1; ins. in 
diameter under the head. 


Gage Collar 


Reamer 


. ee ee IN ORE, ears at 
; JE ; 1 | = Block 
Se u 


Fic. 5—The Baldwin Locomotive Works standard taper bolt 
system. 


The diameter at the small end and the angle of taper being the 
same, the amount of taper for the r2-in. bolt is 7s, for the 18-in. 
bolt #;, for the 24-in. bolt, $, and for the go-in. bolt, 3 in. The 
large end of the hole of the various blocks has the following 
diameters: 


Length Diameter 
RIS eer re hen as «2 Gaon es ol Bg US: 
POG Sei a as atone, Ee LDS: 
TELS RE is esis caataniee oe Lae IDSs 
Pe ea ahees cS et te Le INS, 

OPM M TT rete oe eee ssc ce «LEE ADS. 


All bolts 9 ins. and under in length —as B and C—are fitted in 
the 9-in. block, all from 9 to 12 ins. in the r2-in. block, all from 12 
to 18ins. in the 18-in. block, all from 18 to 24 ins. in the 24-in. 
block, all from 24 to 30 ins. in the 30-in. block. 
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A reamer of length suitable to ream a hole for a 30-in. bolt would 
answer for any bolt of lesser length, but would be too clumsy. 

In practice it is found more convenient to have reamers for each 
gage division, and these are known as 9, 12, 18, 24 and 30-in. hand 
and machine reamers. The flutes of all reamers are made long 
enough to allow for 3 ins. wear. 

Gage collars, as shown at A, reamed and counterbored, are driven 
on the upper part of the flutes and under shank or head, and coming 
exactly to the top of block when the reamer is inserted, insure a 
hole in the work the same size as the hole in the block. 

All holes being reamed standard, the allowance for snug driving 
fits is made by fitting all bolts to stand out of the gage blocks 3 
in., which has been found sufficient. 

A taper of more than jj in. per ft. offers no advantage, but has 
the fault of making a long bolt too large under the head. 

Thus far only the hexagon and square head bolts have been con- 
sidered. Two other kinds are used, the countersunk and the round 
counterbore head bolts. The countersunk head bolt, shown at F 
and G, is used in places where a hexagon head would interfere. The 
included angle of this head is 60 deg. and the head is 3 in. thick. 
This style of bolt requires a gage block, EZ, so made that the standard 
plug gage will stand out 3 in. The counterbore head bolt is used 
where a very strong concealed head is desired, the head usually 
driving snugly in the counterbore. This style bolt is fitted in the 
hexagon head-bolt gage. The hole for this bolt body when reamed 
is made the size of the bolt under the head. 

The same reamer is used for all bolts, and the same allowance 
for drive, viz., 33; in., is made for all styles. The blocks, as shown 
in the illustration, have cast on the side a descriptive shape which 
aids the workman in finding the one desired, whether hexagon or 
countersunk. 

This system recommends itself in that it contains but few stan- 
dards for each nominal diameter of bolt and provides for a multitude 
of lengths. 

To preserve the sizes, a set of master plugs is kept in the tool- 
room. When the gage blocks are worn they are easily restored to 
standard by re-reaming and facing off the top to suit the plug gage. 

The gage blocks for regular diameters have the following lengths: 


Diameter, Length, 

ins. ins. 

i 

8 

vl 

2 

A ..9 and 12 

3 

4 

Sie ..9, 12 and 18 


9, 12, 18, 24 and 30 


_ Lan! Lol Lan! Land 
we alo RIK ol 
—— 


Split Nuts 


The interference of split nuts with lead screws may be determined 
by the method shown in Fig. 6 by H. S. Futrerton (Mchy. June, 


1912). Parallel with the parting line of the half nuts, draw the line 
AB at a distance K from the center line such that: 
; l 
er ae tan 8 


in which, /=lead of thread, ins., 
6=angle between side of thread and a perpendicular to 
the axis of the screw. 
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For the Acme thread, in which 0= 143 deg., the formula becomes: 


Tangent to the outside and root diameters, draw perpendiculars 
cutting AB at m and n. Draw radial lines to these points cutting 
the outside and root diameters, respectively, at 7 and s. These are 
the interference points of the respective diameters. Points for in- 
termediate diameters may be located in like manner and a curve 
drawn through them. For all practical purposes a straight line 
drawn through the interference points located on the outside and root 
diameters will be found a sufficiently close approximation. The 
illustration shows in correct proportions an end elevation of a pair 
of nuts for a screw 4 ins. in diameter with 1-in. lead single Acme 
threads. The dot-and-dash lines above are the interference curves 
for 2-, 3-, and 4-in. lead Acme threads. 


Critical Curves 4 ~~ 


Fic. 6.—Finding the interference between screws and split nuts. 


The stresses on bolts due to tightening their nuts were experimentally 
investigated by Prof..J. H. Barr. (Amer. Mach., Dec. 17, 1914). 

The sizes of bolts used were 14, 34, 1 and 114 ins. One set of 
experiments was made with rough nuts and washers, and another set 
with the nuts and their seats on the washers faced off. A bolt was 
placed in a testing machine so that the axial force upon it could be 
weighed after it was screwed up. Each of twelve experienced me- 
chanics was asked to select his own wrench and then to screw up the 
nut as if making a steam-tight joint and the resulting load on the bolt 


Fics. 7 To 9.—The w 


was weighed. Each man Tepeated the test three times for every size 
of bolt, and each had a helper on the 1-in. and 1}4-in. sizes. The 
sizes of wrenches used were 10 or 12 in. on the 1 


Ace a 7-in. bolts up to 18 
and 22 in. on the 114-in. bolts. The results were rather discordant 
as would be expected; but the lo 


ads in the different tests were rather 
more uniform, as well as higher, with the faced nuts and washers 
The general result indicates that the initial load due to screwing up fot 
a tight joint varies about as the diameter of the bolt; that is, a ma- 
chanic will graduate the pull on the wrench in about that ratio, Jt 
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Fie. 8. 


- 
=. 


also shows that the load produced may be estimated at 16,000 Ibs. 


per in. of diameter of bolt, or 
P = 16,000d 


in which P=load due to screwing up, lbs., _ 
d=nominal (outside) diameter of screw thread, ins. 


(a) 


‘This value of P is rather above the average for the tests; but it is 
considerably below the maximum, and it is probably not in excess of 
the load which may reasonably be expected in making a tight joint. 

If P be divided by the cross-sectional area at the root of the thread, _ 
the intensity of the stress induced is obtained. The diameter at the 


- root of the thread of small screws is about o.8d. Dividing equation 


= 
(a) through by rene we obtain approximately 
- oe = (b) « 


in which p=stress at root of thread, lbs. per sq. in. 

This equation gives a stress of 60,000 Ibs. per sq. in. on a }4-in. 
bolt. This conclusion is substantiated by the fact that steel bolts 
of this size were broken during the course of the experiment and it 
also agrees with common experience which forbids the use of screws 
as small as 14 in. for cases requiring the nuts to be screwed up hard. 

Experiments by J. F. Hopart (Amer. Mach., Nov. 12, 1914) with 
14-in. bolts having twelve and thirteen threads, showed that, when 
not lubricated, the friction of the screw and nut (including the face 
friction of the nut) consumed almost exactly 90 per cent. of the 
force applied at the wrench. 


Set Screws 


The safe hclding power of set screws according to experiments by 
B. H. D. PInKNEy (Amer. Mach., Oct. 15, 1914) is given in Table 18. 
Flat or cup point screws and a flutted shaft are assumed. 


TABLE 18.—SaFrE Hoxtpinc Power or SET Screws, LBs. 


Safe holding Safe holding 


Diameter of set | Diameter of 


screw, ins. power, lbs. set screw, ins. | power, Ibs. 
\ 100 3¢ 850 
46 170 34 5300 
3¢ | 250 | 1 / 1800 
“Ye 370 | I 2500 
ta) | 500 13g 3300 
ee aS 650 _ 134 4200 


t. V(D.428)"+(4S) 4a 


FIG. 9. 


ire system of measuring screw threads. 


The Wire System of Measuting Screw Threads 


The wire system of measuring screw threads has been worked out 
in the form of Tables r9 and 20 by WALTER CANTELLO (A mer. Mach., 
June 25, 1903). A caution is needed in connection with the method 
shown at x, Fig. 7, which implies that the diameter across the flats 
1S correct and that the flats are concentric with the thread sides. 


This Concentricity may be tested by measuring as at * and on 
several diameters. 


ree from apex of thread angle at root, to center of wire. 


Fig. 7.) 


D2= diameter of cylinder touched by apexes of thread angles. 
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TaBLE 19.—MEAsuRING ScREW THREADS BY THE WIRE SYSTEM 


(See 


(Fig. 7.) 


x =diameter from top of threads on one side of tap or bolt, to top of wire 

laid in thread groove on opposite side (Fig. 7.) 
x1=diameter when wires are used as shown in Fig. 8. 
%x2=diameter when wires are used as shown in Fig. 9. 


U.S. Standard Thread 


p=lead ==, for single threads. 


6 
d= X 6495 = 


p=" foomno+ (8) 


p 
f=3 


a=from p, max.; to p X .505, min. 


a 
sa} ° 
=—-+sin 30' 
2 3 


Dz=D— 


T-51055 
n 


D 
; war 724845. 


x1= De+28-+a. 


oy \Viov4202 24 (S28)? ay 


D, a, B, lead, 2 

ins. | z | a ue ins. ins. | (=) | nt | is 

% 20 1867] .1742| .04 -04 .000625| .2721| .2942] .2055 
5i6 18 | 2419) .2283}] .04 -04 .000771| .3304| .3483] .3495 
34 16 2954| .2803! .04 04 .000976| .3876) .4003] .4016 
We 14 3465] .3292| .04 -04 -001274| .4433] -4492] .4507 
46 13 4019] .3834| .06 -06 -001479| .5317] .5634] .5647 
316 12 561 362| .06 -06 .001735| .5893| .6162} .6177 
54 II 5089] .4872] .06 .06 .002065| .6461| .6672| .6681 
146 II 5712] .5497| .06 -06 .002065| .7086| .72097| .7312 
34 10 6221] .5984| .06 .06 002500] .7643| .7784| .7801 
1% 6 10 6844] .6609| .06 .06 .002500| .8267| .8409| .8425 
% 9 7327| .7066| .10 .10 .003086] .9408) 1.0066) 1.0083 
1546 9 7950] .7691] .10 ae co) . 003086] I. 0033) 1.069 I} 1.0706 
I 8 8399| .8105 10 210 003906] 1.0553/1. 1105| 1. 1124 
1% i 9421} .9085 10 . 10 .005 102|1. 1667| 1.2085] 1.2107 
4 7 1.0668) 1.0335 10 . 10 - 005 102| I. 2917| 1.3335|1-3355 
138 6 I. 1614|1.1224] . 10 10 .006944| 1.3987] 1.4224) 1.4250 
14 6 1.2862/1.2474| .10 10 .006944| 1.5237|1.5474|1.5497 
15 544 |1.3917|1.3494| . 15 15 .008263|1.7122|1.7994|1. 8019 
134 5 1.4935) 1.4469 I5 15 .0 10000) I. 8234| 1. 8969/1. 8997 
174 5 I 6182/1.5719 15 15 .010000/ 1.9484/2.0219'2.0245 
2 4% |1.7149| 1.6632 15 15 -012343|2.0566|2. 1132/2. 1163 
214 446 |1.8393|1.7882| . 15 15 .012343|2. 18 16|2.2382|2.2411 
24 4} |1.9641/ 1.9132 15 15 .012343|2.3066|2.3632/2.3667 
234 4 2.0540| 1.9961] . 15 15 .015625|2.4105|2.4461|2.4495 
26 4 2.1787|2.1211| .15 15 .015625|2.5355|2.5711/2.5742 
2% 4 2.4284|2.37I11 15 715 .015625|2.7855|2.8211/2.8240 
&) 3% |2.6326|2.5670] .20 20 .020392|3.0835|3. 1670/3. 1704 
3% 36 |2.8823/2.8170| .20 20 - 02039213 .3335|3-.4170/3.4200 
3 344 |3.1041/3.0337| .20 20 .023654|3. 5668/3 .6337/3-6368 
334 3 3-3211/3.2448] .20 20 .027750|3-7974|3 -8448/3.8486 
4 3 3-5708/3.4948| .20 20 .027750|4.0474|4.0048)/4.0983 
4% 27% |3.8019|)3.7228] .20 20 .030240/4.2864/4.3228|4.3264 
44 234 |4.0318/3.9489] .20 20 -033050/4.5244/4.5500|4.5530 
434 258 |4.2592\4.1728| .20 20 .036250|4.7614|4.7728|4.7767 
5 246 |4.4848|4.3938] .20 20 .040000|4 .9970/4.9938|4.9980 
54 246 |4.7346/4.6438) .20 20 .040000/5.2470|5.2438|5.2477 
52 23% |4.9574|4.8619| .20 20 .0443 10]5.4810|5.4619|5.4661 
5% 238 |5.2072|5.1119] .20 20 -0443 10|5.7310|5.7119|5.7 160 
6 244 |5.4271|5.3264] .20 20 -049373/5 .9632 5.9264|5.9307 


Let D=outside diameter of thread. 

D1: =root diameter measured in thread groove. 
n=number of threads per inch of length. 
d=depth of thread. 

p =distance from center to center of adjacent threads. 
f=width of flat on U. S. Standard thread. 
yr =radius on Whitworth thread. 
a=diameter of wire used. 
Whitworth Thread 
I ; 
p=lead = for single threads. 
-64033 
d=) X.64033 =~ 2 
lead 
Di= \Yo= 202+ (224 )’: 
r=pX.1373. 
a=pX.84, max.; to pX.454, min. 
ete, H ° Vee, b 
= 7 7sin 27° 30 Ape 
1.600825 
D2=D—-——_—_- 
n 
BL HEL. a 
CS Rn Wet 
x1 = D2+2B+a. 
lead 
x2 = Vist 262+ (ea) “+a. 

—) 3 
ee n | Di Do ae mn a x | X1 x2 
ins. ins. 

A 20 - 1875] . 1690] .04 |.04331| .000625| .2733| .2065| .2077 

546 18 +2428) .2235| .04 |.04331| .000771] .3313] .3501| .3514 

36 16 -2965| .2749| .04 |.04331] .000976| .3883] .4015| .4020 

746 14 +3440] .3231| .04 |.04331] .001274 436| .4497] .4512 

% 12 +3953] .3666| .04 |.04331] .001735| .4966| .4932| .4950 

%e6 72) -4576| .4291| .06 |.06496] .001735] .5907| .6190] .6204 

54 II -5105| .4794| .06 |.06496| .002065| .6372] .6603| .6710 

146 II .5728| .5420| .06 |.06496] .002065| .7007 -7319| .7334 

34 10 -6239| .5800| .06 |.06496| .002500] .7649| .7798] .7815 

1346 10 -6862] .6524| .06 |.06496| .002500| .8274] .8423| .8438 

n3 9 -7348| .6971) .06 |.06496| .003086| .8810) .8870] .8882 

1546 9 -7970|] .7596| .06 |.06496] .003086] .9435] .9405| .os12 

I 8 -8422) .7999| .10 |. 10839] .003906|1.0583]1. 1167/1. 1185 
114 -9447| .8963| .10 |. 10839] .005102|1. 1690|I.2131|1.2153 
114 7 1.0693) 1.0213] .10 |. 10839] .005 102/ 1.2040] 1:3381|1.3400 
138 6 I. 1644/1. 1082] .10 |. 10839] .006044|1.4000| I.4250|1.4276 
14 6 1.2892|1.2332] .10 |.10830| .006944|1.5250/1.5500|1.5523 
158 5 1.3726|1.3048] .15 . 16242] .010000/1.7023|1.7796| 1.7826 
134 5 I.4970|1.4208| .15 |.16242] .010000/1.8273/1.9046|1.9074 
1% 4% |1.5042/1.5103| .15 |.16242] .012343|1.9345|1.9041|1.9073 
2 4¥ |1.7185/1.6443| .15 |.16242| .012343|2.0595|2. 1191|2. 1221 
2% 4)@ |1.8437|1.7603| .15 |.16242) .012343/2. 1845]2.2441|2.2470 
2% 4 1.9338]1.8408] . 15 . 16242] .015625|2.2873|2.3246/2.3280 
234 4 2.0585/1.9750| .15 |.16242| .015625|2.4123|2.4498|2.4530 
216 4 2. 1833/2. 1000] .15 - 16242] .015625/2.5373|2.5748|2.5778 
23%4 34% |2.3882)2.20926| .20 21567] .020392|/2.8370|2.9240/2.9276 
3 3% |2.6397|2.5426] .20 -21567| .020392/3.0870|3. 1740|3. 1773 
34% 34% |2.8600)2.7574| .20 -21567] .023654/3.3 104|3.3887|3.3024 
3% 34 |3.1008|3.0074] .20 |.21567| .023654|/3.5604/3.6387|3.6420 
334 3 3.3270/3.2164) .20 |.21567| .027755|3.7990|3.8477/3.85 15 
4 3 3.5768/3.4664|] .20 |.21567] .027755|4.0400|4.0077/4. 1012 
44% 2% 13.8080|3.603 .20 21567] .030241\4.287014.3243|4.3280 
4% 27% |4.0582/3.943 | .20 |.21567| .030241|4.5370/4.5743|4-5780 
4%4 234 |4.2878/4.168 | .20 |.21567| .033051|4.7746|4.7993|4. 8025 
iS 234 |14.5376/4.418 | .20 |.21567] .033051/5.0245|5.0493/5.0524 
54 254 |4.7658|4.640 | .20 }|.21567| .036252\5.2607|5.2713|5.2750 
5% 254 |5.0156|4.800 .20 |.21567| .036252/5.5107/5.5213|5.5248 
534 244 |5.2415|5.110 | .20 |.21567] .040000/5.7455|5.7413|5-7446 
| 24 |5.4013|5.360 | .20 |.215671 .04000015.0055!5.00913'5 .9944 
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TABLE 20.—ACME STANDARD THREADS, TOOTH PARTS AND 
MEASUREMENT 


By the wire system 


i, PV 


Let D=diameter of screw. 
D,=diameter of tap or thread plug gage. 


p=pitch. 

d=depth of thread groove. 

a=width of thread groove at top. 
b=width of thread groove at bottom 
c=width of thread at top. 
é=thickness of thread at bottom. 


For Screw Thread For Tap Thread 
Then p= = for single threads. p= 2 

=? for in. d=24.orin. 
a=pX.6293. a=pX.6345. 
.b=2X.3655. b=2X.3707. 
6¢=)X.3707 c=pX.3655. 
e€=pX.6345. e=pX.6293. 
D=diameter on top of threads. Di=D+.02 in, 
x=D-+.01 in. 41=D1:=D-+.02 in. 

6345 XP 


Rad. of wire section=side opp.=side adj.Xtan 37° 45’ =" X-77428 


=p)X.24564. 
Diameter of wire=p X.49 13. 
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Threads a, b, c, e, 2 . 
per ’ d for screw|for screw |for screw |for screw he 
inch e, for tap|c, for tap|b, for tap|a, for tap| \ 

Ins. Ins. i 
I 1.00 .5 100 .6203 .3655 -3707 -6345 | .4913 
14 a75 .3850 -4720 «2728 .2780 -4772 f[ .3685 
1% 66666 | .3433 | -4195 | -2436 | .2471 | -4230 | .3275 
134 -571428] .2957 3596 2088 2118 -3626 -2807 
2 .50 .2600 -3147 . 1801 . 1853 -3199 -2456 
2 -40 .2100 2517 - 1462 - 1482 -2538 - 1965 
3 -33333 | -1767 - 2098 > 1183 - 1235 +2150 - 1637 
4 25 - 1350 - 1573 .0875 +0927 - 1625 .1228 
5 20 . 1100 . 1259 .0689 -O741 A he -0982 
6 16666 | .0933 . 1049 .0566 .0618 .-TIOL -o8I9 
7 142857| .0814 .0899 0478 -0529 -0O51 -O0702 
8 125 -0725 .0787 -O411 -0463 -0839 -06 14 
9 TIrIr | .0655 .0699 -0361 -0413 -O751 -0546 
10 10 .0600 .0629 .0319 -0371 .068T 0491 


Much confusicn exists regarding the Acme screw thread and the 
Brown and Sharpe worm thread which are alike in their angle of 29 


deg. only. Figs. ro and 11 give, full size, the two threads of 1 in. 


linear pitch together with the formulas for their tooth parts. 


For constants to be used with the wire system of measuring the 


Brown and Sharpe worm thread, see Index. 


Fic. 10.—Brown and Sharpe 
29 deg. work thread. 


Formulas 
P=Linear pitch 
D=.6866P 
a= .665P 
b=.31P 

¢= .335P 
e= .69P 


Fic. 


11.—Acme 29 deg. screw 


thread. 
Formulas 
P=Linear pitch 
D=.5P+.01 in. 
a= .6293P 
b=.3655P 
C= .3707P 
e= .6345P 
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WIRE AND SHEET METAL GAGES 


The multiplication of wire and sheet metal gages is the source of 
much confusion and has become an intolerable nuisance. The sug- 
gestion has been repeatedly made that the entire gage system be 
abandoned and that sizes be specified by their decimal values. The 
difficulty in carrying out this plan is that the gage sizes must be 
adhered to in order to obtain the material from stock and this 
compels constant reference to the gage tables. The following plan, 
due to the Westinghouse Electric and Mfg. Co. (Amer. Mach., A pr. 14, 
1904) while keeping to the gage sizes eliminates all reference to the 
gage numbers. After nine years of use it is found to accomplish 
the desired object. 

The existing standard dimensions of gaged materials are not 
changed, but the gage names, the conflicting and arbitrary gage 
numbers, and the commercial gage plates for identifying materials 
are discarded. The same actual dimensions as hitherto indicated 
by gage numbers continue in use but are expressed in decimal parts 
of the inch, the unnecessary refinements found in many of the com- 
mercial gage equivalent tables being, however, dropped. 

All material that has heretofore been known by gage number, as 
No. 20 B. & S. sheet copper, is now known by decimal thickness 
only, as .032 sheet copper. 

Throughout the business of the company, and on all drawings, 
drawing lists, specifications, bills of material and correspondence, 
decimal dimensions are used instead of gage numbers. 

In the shop and storerooms all material that was formerly gaged 
is now measured with the micrometer or limit gages, and is specified, 
ordered, marked and carried in stock by decimal thicknesses instead 
of by gage numbers. 

Drawings, drawing lists, specifications, bills of material, etc., 
made before the adoption of this plan, and specifying gage numbers 
were not changed except as found convenient by the engineering 
department. 

The extreme refinements shown by the fifth and sixth decimal 
places have been dropped, not more than three significant figures 
being used in specifying sizes. By significant figures is meant all 
figures to the right of ciphers after the decimal point. For example, 
U. S. Standard No. 2 sheet gage is given as .265625. The Westing- 
house decimal for this gage is .266. 

Materials that were formerly purchased by gage numbers are now 
purchased of the same dimensions expressed in decimals. 

It should be especially noted that, with the exception of twist 
drills, the above changes do not affect finished articles of any kind 
such as are kept in stock by manufacturers and known to the trade 
by gage numbers. 

In Table 1x will be found a column giving American screw gage 
sizes. ‘This has been inserted for convenience in selecting sizes of 
machine screws and wood screws, and it should be especially noted 
that the gage numbers are retained for these sizes. 

Tables x and 2 are for use in those departments whence specifica- 
tions for material emanate. Columns 1 to ro, Table 2, are for refer- 
ence in connection with Table 1 which serves as an index to Table 
2. Ineach column the decimals coincide with a series of size equiva- 
lents commercially known by gage name and number. Table 2 
ignores all gage names and numbers; the dimensions are not numbered 


in any way, all read from the largest down, and are so arranged with 
respect to one another that the same (approximate) dimensions are 
on the same horizontal line. This arrangement makes it easy to 
choose in one column a dimension coinciding closely with a dimen- 
sion in any other column. 

The reference numbers in Table 1 indicate in which column of 
Table 2 to look for commercial diameters or thickness of any given 
material. 

Example—For commercial diameters of steel spring wire refer 
to Table 1 opposite Wire, Spring and, under Steel (S) read 3, showing 
that the commercial sizes of steel spring wire are to be found in 
column 3 of Table 2. Similarly Table 1 shows that the sizes of 


brass or phosphor-bronze spring wire are to be found in column 1 
of Table 2. 


THE WESTINGHOUSE MrTHOD OF ABANDONING SHEET METAL AND 
WIRE GAGES 


TaBLE 1.—INDEx To CoLumMN HEADLINES OF TABLE 2 


Index to € z Amer. 
columns ale (ascu liser 4 irSiat areas & = Pie screw 
pase S|e| |A|El(S(S]2/<]| [S|] eee 
OD (Commerciale...) Dl Dale S) fia WS) |) aay r| I} Ir | 6 |/o00}.0310 
4 Planished...... 5 5 00]. 0442 
ts Galvanized..... 5 5 0|.0573 
Fey || db tabasoly on Aor 5 5 1|.0717 
oO. lDernes 45g 5 } | 2|.0845 
a Springend.. cies eile lee | | 3}.0978 
Barents ee wa Tale ales etelleselee F et iee 4|. 110 
Insulated.......] 1 | I 5}. 124 
Galvanized..... 3 3 6|.137 
| Pinned 4. eas « 3 | 7|.150 
ea eSnringede camer rae eal | 8). 163 
Miatsicna am cir 4 9}. 176 
Resistance...... I I I To). 189 
Annealed....... 3 3 TI). 203 
Commercial....] I | I 12 | a oes 
8 | Cold rolled... 1] 1 | 31 eS |p ee 
m4 | Drill ‘7 8 i Fe 
| DCE eh aebiece 
2 | Seamless3...... 2 2 ES 2 2 16| . 268 
|) Bragedi sccm. + I 17|.282 
fe 18] .205 
19} .308 
Twist drills: 9. Coppered steel wire: 3. 20|.321 
All cable, Jamp cord and fuse wire: rf. 21|.334 
14 in. dia. up can be had in fractions. 22) .347 
2} in. dia. and larger, in fractions. 23) .361 
8 All seamless tubing may be specified by diameters instead of thick-|| 24-374 
ness of wall. 25) .387 
4 Tinned steel banding wire: special diameters. 26) . 400 
Explanatory.—With the exception of twist drills, the following in- a ae 
structions to draftsmen do not affect finished articles such as are a6 Uae 
known to the trade by gage numbers. For example: Machine 26 “AS3 
and wood screws will continue to be specified by the American sul baes 
screw gage numbers. 321.479 
Instructions to draftsmen.—When specifying material of “gage” | salnaos 
thickness, do not give gage name or number, but specify in deci- zal ae 
mals, thus: 
.162 Brass rod. 


.036 Sheet copper. 


221 


a 


TaBLe 2.—Gace Sizes IN 


ae ji 


0085 ae 008 


.OO7L 007 0070 +0070) 
+0066) 


- 0063 
-0056 | 


.0050 | .005 


006 


-0040 | .co4 004 
.0035 | | 


. 0031 | 


| .002 
The following are the names of the gages to which the dimensions in 
1. Brown & Sharpe; American Standard Wire. 2. Birmingham; Stubb's Iron Wi 


4. Down to .102, Brown & Sharpe; .o00 and down, Trenton or Wolff's Music Wir 
Steel Wire. 9. Morse Twist Drill and Steel Wire. 


columns r to 10 agree; in some cases the same gage is known by 


Te. 3. National; Reebling’s; Washburn 


e. §. United States Standard, 6. Zine 
Io. Master Mechanics’ Decimal. 


more than one name. 
& Moen; American Steel Wire Co. 
- 7. American Screw, 8. Stubb's 
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TABLE 3.—List or Nine DirFeReNtT STANDARD GAUGES UsEp IN THE UNITED STATES 
American or mo U.S. Stand- 
No. of Brown and carers hha ae Imperial | ard for plate | Stubb’s steel| Twist drill and phy: Woes . ae No. of 
gage Sharpe iron ee ane a moo wire gage Giron and wire steel wire Bnd Moen pEeuine gage 
: iron wire iron wire music wire screws 
= wire y steel) 
. 8-0 ence Meter Nabe teN isin fee SES acts) (Sash. «Oe Salto Ma Mietiie «.& cme oeskeuare Ste aeolliotae nodes This gage JO083" farther eeeces 8-0 
_ OMIM ere sievavahe:sleve saa.s cillate tte & comlercte Miia tienes aatee cio Sprig od ooh one SOO esters smtarstn a. cvs from one to BOOSTS © tcbeernscyers ies 7-0 
pe C5® ._lbabics oamiar ociea| |nte Geena eee ae -464 PAOD muy linatar eta ee thoracts-s three thous- OOO Sum le srteroers sivtstevs 6-0 
ax ERO «ils Goa. ciga.dasso orp | lhe e ae 8 enero ren || Aten e setenste 432 SAS Oe we ilareratennre erates ar andths larger FOLOG RN ltrs, reors aco ton 5-0 
Re 4-0 -460 -454 -394 400 AOOT me |eiteenm nrc ace than same Nos. OTT We Ml rete ayertens 4-0 
x 3-0 -410 -425 363 +372 Heit @ WbeectAceaceegerats of Stubb's steel -O12 032 3-0 
2-0 -365 -380 +331 -348 EOALM Um Natt tic ie? wire gage. -O13 -045 2-0 
c) 325 -340 +307 +334 ORGS mene: uliitorene vette reMerictney O14 058 ° 
I 289 300 283 300 281 227 +228 016 o71 I 
2 -258 -284 - 263 .276 . 266 219 agai -O17 084 2 
3 220 250 +244 252 250 212 Aches .018 097 3 
4 204 238 225 232 -234 207 +209 .O19 IIo 4 
5 182 220 207 212 219 204 .206 .020 124 5 
6 162 203 192 192 203 201 -204 022 137 6 
7 144 180 Beh ar) .176 .188 199 -201 023 I50 7 
8 .128 -165 162 160 172 .107 .199 024 163 8 
9 -1I4 148 148 144 .156 194 .196 026 .176 9 
10 .102 -134 135 128 I4r IQI 194 027 189 10 
? II oor 120 I2r 116 I25 . 188 .I9I 028 203 II 
io OF fa o8r 109 106 104 - 109 .185 .189 030 216 12 
13 072 .005 092 092 .004 182 .185 031 229 13 
34 064 083 080 080 078 180 .182 . 033 242 I4 
“ 15 057 072 072 072 070 178 .180 035 255 15 
16 O5r 065 063 064 . 063 175 air ty .036 . 268 16 
7 045 058 054 056 .056 172 ~D73 038 282 17 
18 040 049 048 .048 050 .168 ~270. 040 -295 18 
: 19 .036 042 O4I 040 -044 .164 . 166 O41 308 19 
“i 20 032 035 035 036 .038 161 .I61 .043 325 20 
: 21 028 032 032 032 .034 BrS 7 -159 -046 334 21 
22 .025 028 0290 028 O31 155 Gey +048 347 22 
23 .023 025 026 024 028 .153 ~154 O51 360 23 
24 .020 022 023 022 025 I5I .152 -055 374 24 
25 .o18 020 020 020 022 .148 .150 059 387 25 
26 016 ors o18 o18 O19 .146 LAT .063 400 26 
: 27 .~OI4I O16 0173 0164 OI7I -143 144 .066 413 27 
28 . 0126 oI4 o162 OI149 0156 .139 -I4I 072 426 28 
29 .O1I2 013 O15 .O0136 or4 -134 .136 076 439 29 
. 30 .O10 o12 or4 0124 GI25 127 .129 080 453 30 
q 31 .0089 o1o 0132 -O116 O109 120 L200 Mg PV Ailsertdaiesstercte 466 31 
i 32 .0079 009 0128 o108 OIOL II5 AE aI Reins Sey ee oS 479 32 
| 33 007 008 or18 o10 0093 TI2 SEEDS i — Wars nceteetaenrcs 492 33 
34 . 0063 007 O104 0092 0085 IIo SE ETEO © 0m Sy liwanakvaseactces 505 34 
35 .0056 005 | 0095 0084 0078 108 FLEORe  Wilinsmeuterees ott” 518 35 
36 005 004 | 009 0076 007 106 HEOOSH BR Oiler. cabosies 4 ss 532 36 
4 | SEE Biya ach ais\c econ ena s eco oie Wis ous 0068 0066 103 TOM Siva ceeraceas se ee 545 37 
38 APOE OO a Nedeiste srdtyera’e. Pee eee 006 0062 TOL SEOXSS. | lust Aes 558 38 
39 BRIS he al ielnvieisn ens sv rere ts (PeoRaa Herta: 7 OOS2) Med en ecctaeke era iere .099 SOOOS NW Clee cites sees 571 39 
40 MIZE BV cieyccaisie. cle eae iets etalapo rss 2 WOES e Se srs micas iss ss .007 Sy iain SA anes 584 40 
RMT Veter Stone, oo cioll = rosie We a ela she Per oe recacdates osc | ES TeRy erase arse lee Ba peteeeaee eke .005 KOOON “Uw Sota cane eee -597 Al 
a SE ee re a el sae oie Sore ales fe eR ain sv oes etree tresne shia elie cists Oe athe 092 OAT Gay | So cutest ets 6II 42 
PW et Re eed Sila en es pam « . 088 OSOe weil lara terror os 624 43 
Cette a ee Ee Oe a 085 DOSOL Melk tea re .637 44 
eet Aa as (cine a ee ae ont Seah dallg eeeeeba ie < 
of ee ee |: TY jie exept me) eS oe Bk area ees - 
FA CE | SI Me pate ci Git x, o an aco ose sus ates aatae a 42 Olu ia ia chs et eile ae ee ie 
AEM Seige oh cis aleea, eres fies cael ere''e ete) sicses [cies ereecaan riea Sah WM aries, Sosa scale | 
ERR Ste cuahonn cit ete wm wiellic We ete + oven wierd eS res Hee aad Cink ce ee ot omeour -075 SOTO 8 Nel tomas welern .690 48 
ee rey Lp lee C8 fae BIO Se cela sea .072 OPEL OU Weiprete amet Mecerots 703 49 
US TSS en TEs = se neces ue i satel eae ik EEN? 
LETTER Sizes SruBB’Ss STEEL WIRE 
pagan ag Ie PPA WT tera tiotd potas etait tories Sa aa, LO ed F QO Dah ME cretortl se eltevs sve wots ces Ac ReDeAT Reta euMeiGte SpeAene A Meat TRE -339 
i Eee ee FEI WS. ie oven dit, A CERUNNE ognde SU Be cag). 0 OSI AC VATE ESRC aD Siar One arte aR ess OT ORI Smee eae 
em ee DVIS US. tana oy ono aueeon Caboey tatoo ioonotor Bee (at CORON ner aOniras SaOeemaMee oun I uCnas oS ik 
FE EE ERIS SPS tet ee MOO Ue vcrare sasiatttrays wire, & eansexecaeirs ints CaerchonsS eNO cs ois eales OS 
(Dap. tes cM, OS RIOR Got Oe ROMO REE ITC IER RIO RC FACE sl list One  ERCTRO ACE SOR oI is CRIES 
AE oe SR EAE At~on|) WWilioaonod slot OriOd dn 0 CNH OO nCo GU POROD IIe: 15) )e | IccBSoce nants tt aeccvec nol pU coo womb ic. we 
EES ee ae PEP Al IM ses eye ub ud 8 cick ACO RO OIC COT ORO OTe BOR MW classes SEN a Me Peano SS STS 38 
GATS eae eer aan mfehe || (oj, be Be COE AAO oe Atte cr onwic resceaa tom ee, Saree ocr aN eCe eI Ree On ci MS OI So OOD | 
Nog g res sanoeriisetnsnsstoer Be parses ee “404 
ee ceil aie alli Me see REHM aR LIES) | Pcl bed nsec o.hie-y woud annie te URN Ser SAS 
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TaBLE 4.—STANDARD Decimal GAGE 
| Weight per square foot 
. : in pounds, avoirdupois 
Standard Thickness in a me 
decimal gage fractions Tron, basis—480 eee te 
in ins of an inch lbs. per S. pe 
: cu. ft. cu, ft. 
0816 
002 I-500 = ee 
. 004. I-250 out ae 
.006 3-500 .24 Sone 
008 E125 +32 ae 
-O10 I-100 +40 ! 
- 4806 
.O12 3-250 -48 ae 
O14 7-500 +56 ise 
.016 2-125(e +) 64 oe, 
.018 9-500 +72 “4 
020 I-50 .80 - 8160 
.022 II-500 88 8976 
025 I-40 I.00 I.0200 
keaé 7-250 ngs} ee, 
.032 4-125(s+) Bei2e aes 
.036 9-250 1.44 1.4 
040 I-25 1.60 1.6320 
1.80 1.8360 
-045 9-200 F a 
.050 I-20 2.00 2.04 
.055 II-200 2.20 Atos 
.060 3-50 (zds—) 2.40 2.4480 
065 13-200 2.60 2.6520 
.070 7-100 2.80 2.8560 
075 3-40 3.00 3.0600 
.080 2-25) 3.20 3.2640 
.085 I7-200 3.40 3.4680 
-090 9-100 3.60 3.6720 
.005 19-200 3.80 3.8760 
.160 I-10 4.00 4.0800 
.I10 II-100 4.40 4.4880 
B25 I-8 5.00 5.1000 
+135 27-200 5.40 5.5080 
.150 3-20 6.00 6.1200 
-165 33-200 6.60 6.7320 
.180 9-50 7.20 7.3440 
- 200 I-5 8.00 8.1600 
.220 II-50 8.80 8.9760 
.240 6-25 9.60 9.7920 
-250 I-4 10.00 10.2000 


The Standard Decimal Gage has been adopted by the Association 
of American Steel Manufacturers, the American Railway Master 
Mechanics’ Association and by about seventy-two of the principal 
railroads of the United States, Canada and Mexico. The decimal 
system of gaging was recommended by the American Institute of 
Mining Engineers in 1877 and by the American Society of Mechanical 
Engineers in 189s. 


Gages Used for Wire 


By the American Steel and Wire Co. 


The gage now known as the steel wire gage is the same as that 
formerly called the Washburn and Moen gage, the American Stee] 
and Wire Company’s gage, and by other names. It is in practically 
universal use by American steel wire manufacturers, the result being 
that there is really a standard steel wire gage in the United States, 
although this has not been formally recognized, 

Upon the recommendation of the Bureau of Standards at Wash- 
ington, a number of the principal wire manufacturers and important 


consumers have agreed that it would be well to designate this gage 


as the steel wire gage. In cases where it becomes necessary to 


distinguish it from the British standard wire gage, it may be called 


the United States steel wire gage. The name thus adopted has 
official sanction, although without legal effect, 


(Continued on Page 220 first column) 
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ANDARD F 
TABLE 5.—SIzEs OF NUMBERS OF THE U. S. ST Gace FOR 
SHEET AND PLATE IRON AND STEEL 


Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled: 
That for the purpose of securing uniformity the following is estab- 
lished as the only gage for sheet and plate iron and steel in the 
United States of America, namely: 


Approximate Approximate Weight per bats Ss 
thickness in thickness in square foot square oot 
phere i imal t in ounces in pounds 
of gage fractions of decima Par s ‘ : e : 
an inch of an inch avoirdupois avoirdupois 
I-2 5 320 20.00 
Ess: 15-32 -46875 300 18.75 
00000 7-16 -4375 280 Te 
0000 13-32 -40625 260 16.25 
000 3-8 “a7 240 I5.00 
00 II-32 -34375 | 220 23.75 
to) 5-16 -3125 200 12.50 
I 9-32 -28125 180 Il.25 
a 17-64 - 265625 170 10.625 
3 I-4 -25 | 160 10.00 
4 15-64 - 234375 150 9.375 
5 7-32 -21875 140 8.75 
6 13-64 - 203125 130 8.125 
i 3-16 -1875 120 | 
8 II-64 -I171875 110 6.875 
9 5-32 -15625 } 100 6.25 
Io 9-64 - 140625 | 90 5.625 
1a I-8 125 80 5.00 
12 7-64 - 109375 70 4.375 
13 3-32 -09375 60 3.75 
I4 5-64 .O78125 50 3.125. 
I5 9-128 .0703125 45 2.8125 
16 I-16 0625 | 40 2.5 
17 9-160 05625 / 36 2.25 
18 I-20 05 32 2 
19 7-160 -04375 28 2.75 
20 3-80 -0375 24 I.50 
2r II-320 -9034375 22 1.375 
22 I-32 -03125 20 ¥.25 
23 9-320 .028125 18 1.25 
24 I-40 025 16 Re 
25 7-320 -O21875 14 -875 
26 3-160 -O1875 | I2 -78 
27 II-640 -O171875 Ir 6875 
28 I-64 015625 10 .625 
29 9-640 . 0140625 9 .5625 
30 I-80 .OI125 8 5 
31 7-640 . 0100375 7 4375 
32 13-1280 -O1015625 6} 40625 
33 3-320 -000375 6 .375 
34 II—r280 - 00850375 5} -34375 
35 5-640 |  .0078125 5 3125 
36 9-1280 .00703125 4} 28125 
37 17-2560 - 006640625 4t 265625 
38 I-160 .00625 4 125 


“And on and after July first, eighteen hundred and ninety-three, 
the same and no other shall be used in determining duties and taxes 
levied by the United States of America on sheet and plate iron and 
steel, But this act shall not be construed to increase duties upon 
any articles which may be imported. 

“Src. 3. That in the practical use and application of the standard 


gage hereby established a variation of two and one-half per cent. 
either way may be allowed. 


Approved March 3, 1893.” 


eae 
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TABLE 6.—SIzZES AND PROPERTIES OF WIRE 


By the American Steel and Wire Company 
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Gage numbers al Diameter Sectional area Weight, lbs. per ft. Length, ft. per lb. 
| Ameri- | : eo 
Steel eee ees Baueh Milli- x Circular | Log. of Tron and A | isos Alumi- 
wire wire |ingham |Imperial Tec tnntes Sq. ins. ails eatane Copper ian Aluminum || Copper] and aaa 
gage gage jorStubs|Standard|! 64ths " poe ice 
(B. & S.) rae 
I 1.0000 | 25.40 | .78540 |1000000 |1.895090 3.023 2.667 -9076 -3307 | .3749 I. 102 
63-64 9843 | 25.00 | .76105 | 968094 | .881412 2.930 2.585 87905 -3413 | .3869 Teli 
31-32 | .9687 | 24.61 | .73708 | 938477 | .867514]| 2.837 2.503 85 18 +3524 | .3995 | 1.174 
61-64 | .9531 | 24.21 | .71349 | 908447 | .853390]| 2.747 2.423 -8245 -3641 | .4127 L203 
15-16 9375 | 23.81 | .69029 | 878906 | .839032 2.657 2.344 OG T -3763 | .4266 1.254 
59-64 9218 | 23.42 | .66747 | 849854 | .824434 2.570 2.267 IS -3892 | .4412 1.206 
29-32 9062 | 23.02 | .64504 | 821289 | .800586 2.483 2.191 +7454 +4027 | .4565 1.342 
57-64 | .8906 | 22.62 | .62299 | 793213 | -794480 2.398 2516 7199 4170 | «4727 1.389 
7-8 -8750 | 22.23 | .60132 | 765625 | .779106 2.315 2.042 6949 -4320 | .4807 1.439 
55-64 | -8593 | 21.83 | -58004 | 738525 | .763456|| 2.233 1.970 -6703 -4478 | .5077 1.492 
27-32 8437 | 21.43 | -55914 | 7119014 | .747518 2.152 1.899 -6461 -4646 | .5266 1.548 
53-64 8281 | 21.03 | .53862 | 685791 | .731282 2.5073 1.829 6224 -4823 | .5467 1.607 
13-16 8125 | 20.64 | .51848 | 660156 | .714736 1.9906 1.761 -5992 -5010 | .5679 1.669 
5 I-64 7968 | 20.24 | .49874 | 635010 | .697870 1.920 1.694 +5763 -5209 | .5904 1.735 
25-32 7812 | 19.84 | .47937 | 610352 | ..680670 1.845 1.628 +5540 -5419 | .6143 1.805 
49-64 7656 | 10.45 | .460390 | 586182 | .663122 Tero 1.563 +5320 -5642 | .6396 1.880 
3-4 7500 | 19.05 | .44179 | 562500 | .645212 I.701 1.500 +5105 -5880 | .6665 1.959 
47-64 7343 | 18.65 | .42357 | 539307 | .626026 1.631 1.438 +4805 -6133 | .6952 2.043 
23-32 7187 | 18.26 | .40574 | 516602 | .608246 1.562 ise Wo) +4689 -6402 | .7258 CIE ie ee 
45-64 7031 | 17.86 | .38829 | 494385 | .5809156 1.495 1.319 +4487 -6690 | .7584 2.229 
II-16 6875 | 17.46 | .37122 | 472656 | .560636 1.429 1.261 +4290 -6998 | .7932 2.331 
43-64 6718 | 17.07 | -35454 | 451416 | .549666 1.365 1.204 -4097 +7327 | .8306 2.441 
21-32 6562 | 16.67 | .33824 | 430664 | .529228 1.302 I. 149 +3909 -7680 | .8706 2.558 
41-64 6406 | 16.27 | .32233 | 410400 | .5082098 I.241 1.005 23725 -8059 | .9136 2.685 
5-8 6250 | 15.88 | .30680 | 390625 | .486850 bie Sob 3 1.042 +3545 -8467 | .9598 2.821 
39-64 | .6093 15.48 | -20165 | 371338 | - 464860 1.123 -9904 +3370 -8907 |1I.010 2.967 
19-32 | .5937 15.08 | .27688 | 352539 | -442298 1.066 +9403 -3200 +9382 | 1.063 3.125 
oy eras wees ee tear | ape ee 5800 | 14.73 | -26421 | 336400 | .421946 1.017 .8972 +3053 +9832 |1. 115 3.275 
37-64 | .5781 | 14.68 | .26250 | 334229 | .419134 I.OII - 8915 +3033 -9896 | I. 122 3.297 
9-16°| .5625 | 14.29 | -24851 | 316406 | .395336 9566 -8439 2872 1.045 |1. 185 3.482 
35-64 5468 13.89 | .23489 | 299072 | .370866 9042 -7977 524 4 I. 106 | 1.254 3.684 
17-32 5312 13.49 | .22166 | 282227] .345688 8533 -7528 +2562 fo172 114328 3.904 
SONU Wiis apc choco niese reer ill nie “oY. n, ind -5165 13.12 -20952 | 266772 | -321230 8066 7115 -2421 1.240 |1.405 4.130 
: 33-64.| -5156 | 13.10 | .20881 265869 | -319758 8038 - 70901 +2413 1.244 |1.410 4.144 
5-c 7-0 I=2 5000 | 12.70 | .19635 | 250000 | .293030 7559 - 6668 . 2269 1.323 |1.500 4.407 
MO | Vereteie ele oo i\\ete a ele siei]  sictetai~%s = Ilisi0 #3) dye 4900 12.45 - 18857 | 240100 T. 275482 7259 -6404 32170 1.378 |1.562 4. x 
31-64 4843 12.30 | .18427 | 234619 | .265454]|_ 70904 -6258 -2129 1.410 |1.598 4.69) 
15-32 4687 TI, O8 1 27257 12200727 | 3.236072 6643 . 5861 - 1904 1.505 |1.706 5.014 
GOZO INI ae wrstedie 4640 | 11.79 | . 16909 | 215296 | «228 126 6500 -5742 . 1954 1.536 |1.741 5.118 
oe WE Ae eee le oes are foe ae | ee Ror a 4015 11.72 | . 16728 | 212982 | .223434 6439 - 5081 . 1933 1.553 |1.760 5.173 
AAP Mevatsis Bote ie stain ines fll a4 sSyapaza 4600 | 11.68 | .16619 | 211600 | .220606 6398 ~5044 . 1920 1.563) | 3. 77a sae 
AO Neate taste 2 | 1086 al asloge -4540 | I1.53 | - 16188 } 200116 | .209202 6232 -5408 21872 1.605 |1.819 ae 
29-64 | -4531 TI-51 | .16126 | 205322 + 207526! 6208 -5476 . 1864 1.611 |1.826 5.2) : 
7-16 4375 | 11.11 |] .15033 | 191406 | .177046 5787 -5 105 VY) 1.728 |1.959 5-75 
SAGO NE anata ote 4320 10.97 - 14657 186624 | . 166058 -5643 -4978 . 1604 1.772 |2.009 5.904 
SEN Ce er 4305 10.93 | -14556 | 185330 | . 163036 - 5603 -4943 . 1682 1.785 |2.023 5.945 
28 5 eee Ral ae OD Mie Meus ae! .4250,| 10.80 | .14186 | 180625 | . 151868 - 5401 -48 18 . 1639 1.831 |2.076 6. 100 
to 27-64 | .4218 10.72 13978 177979 | . 145458 -5381 -4747 . 1615 1.858 |2. 107 as 
ie Oe ae creed Iai Gort cared | (Cameron: 4096 10.40 | .13177 167772 . 119810 -5073 -4475 . 1523 L,O7 2 |aa2c5 - 
meat t: 13-32 | .4062.| 10.32 | .12962 | 165039 | .112676|| .4990 4402 1408 2.004 |2.272 7 
AEGOM hfareraranaes 4000 | 10.16 | .12566 | 160000 | .0992 10 - 4838 -4268 . 1452 2.067 aos apart 
ies [Wares Weer 3038 | 10.00 | .12180 | 155078 | .085642 - 4689 - 4136 . 1408 4.133 2-41 7.105 
5 Sel i iaeraas li 25-64 | .3906 | 9.922| . 11084 | 152588 | .078610 .46 13 .4070 . 1385 2.168 |2.457 voce 
Bae Ws, Vakepaedte eile 3 aaa «2? - 3800 9.652| . 11341 144400 } .054658 - 43606 3851 .13 II 2. ane see aS 
3-8 -3750 9.525| -I11045 | 140625 | .043152 -4252 =O75E .1276 2.352 |2. .835 
a0) War cae a 3720 9.449] . 10869 138384 | .036176 -4184. 3601 . 1256 oe aie ied 
MeL casteaetd 3648 9.266| . 10452 133079 | .019200 - 4024. -3550 . 1208 2.4 s 2.817 . : 
Tae ah ST a al a ical 3625 | 9.208] .10321 | 131406 } .013706 -3973 3505 . 1193 2.517 |2.853 385 
SE Les ie eas eas | 23-64 | .3593:| 9.128| .10143 | 120150 | .006 186 .3905 3445 _ 1172 2.561 |2.903 pore 
BEOW ferae Reels 4 3480 8.839] .O9511 | I21104 |2.978248! . 3662 +3230 . 10909 2.731 3.006 9.09 
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TABLE 6.—SIZES AND PROPERTIES OF WirE—(Continued) 
By the American Steel and Wire Company 
Gage numbers Diameter Sectional area Weight, Ibs. per ft. || 
Ameri- 
e Ins. | 
Steel can Birm- | British aa Milli @ircul Ts f T d | 
wire Wire | ingham]| Imperial F * | Sq. ins sptereg (oy4 Cop ea i 
f . ins. 5 5 per Aluminum || Coppe 
gage |(B. & S.)jorStubs/Standard|/ 64ths Se aa eg ip cana = | “ai 
a: 
11-32 | .3437 | 8.731 | .09280 | 118164 | .967576)| -3573 -3152 .10720 || 2. 
be PaO oe Meche cote IIhete ee: wired 3400 | 8.636 | .09079 | 115600 -958048 -3495 «3083 . 10490 | 2. 
Pe rel Serartets ets | atetetatnredecelll sus unger sie .3310 | 8.407 | .08604 | 109561 -934746 +3313 -2922 09944 Ee 
: 21-64 | .3281 | 8.334 ] .08456 | 107666 | .927 168 +3255 2872 -09772 i} 3- 
ee dia eet lcte ise Soe lla loye, woos .3249 | 8.252 | .08290 | 105560 | .918590 -3192 .2816 .090581 | 3 
1-0 oh ae .3240 | 8.230 | .08244 | 104976 | .916180 -3174 . 2800 09528 l 3- 
ze 5 +3125 | 7-938 | .07669 97656 | .884790|| .2953 ~ - 2605 - 08863 ze 
Bt ee ert .3065 | 7.785 | .07378 | 93942 | .867950]| .2840 .2506 .08526 || 3. 
Tra tcreceneteners .3000 | 7.620 | .07068 90000 | .849332 42725 -2400 
4 .08 168 F 
19-64 | .2068 | 7.541 06922 881 840238 | 3 
n 35 | .84023 - 2665 +2351 -07999 ||: 3- 
DM rtp agp ceeiliccst ac sre a0a.5i|l| aieLaine 6 .2803 | 7.348 06573 8 2 
5 : 3604 |2.817786 .2530 2232 ° | 
° .07596 
; Oth Sileee ore orek | | oweucteecatte .2840 | 7.214 | .06334 80656 | .801726 - 2439 -2151 ea ) : 
Sopeas Acancculmeccooeellibaacoecls otk well | tees ttom le tle tern 80089 | .798662 -2421 +2136 -07269 * 
: 9-32 ras 7.144 | .06212 79102 | .793276 .2392 +2110 07179 a 
Sota -2760 | 7.010 | .05982 76176 | .776908 2303 2 : ae 
; -2032 -06914 | 4. 
a ae 17-64 | .2656 | 6.747 | .05541 70557 | -743628 «2133 . 1882 0640 1 
5 Falleets ei sevcecce|[eeeeeee] -2625 | 6.668 | .05411 | 680906 | .733348]| .2083 . 1838 pre 1 ic 
Met eee fs -2590 | 6.579 | .05268 67081 | .721690 -2028 - 1789 eves: a: 
Bears. | eacheroleeccie)ll|lcheteraehens -2576 | 6.543 | .O5211 66358 | .716982 . 2006 ; a 
; . ; .-1770 . 06023 14 
ates .2520 | 6.401 | .04087 | 63504 | .697892/| . 1920 . 1694 os764 || s. 
- : 
Mine | 4 | -2500| 6.350 | -o4g08 | 62500 | 690070), 1800 | 1667 | .os673 
ieee pee fa ns 190 | .04664 59390 | .668802 - 1796 1584 05390 = 
BS ci ec ee RC . 2380 : F : ! : 
as en 045 | -04448 | 56644 | .648244|| . 1713 1511 -O5141 = 
: mee Jue .04314 | 54932 | .634912||  . 1661 1465 ams (as 
hel etaisy ste 6 . 89 50: = = = 
3 4227 53824 | .626066 - 1627 -1436 «=6| .04885 6. 
os ares 
4: A.5) hata al Socotra 32294 15.827 | 041% 
oh \Soae 4133 52624 | .616276 I5QI : 
Sle les|ie at eo) 6 wie lsc ee © wie «|e 000s ies . ‘ ; es 5 7 
Pa see ae eae ee ne -03986 | 50760 | .600612|| . 1535 : ae eae Ps 
Saar eae Aue oe 48400 | .579936|| . 1463 -I291 | 4383 | é, 
Sib eralt veletensvers +2120 | 5.385 bosses er epee eee ppm | pera | 6. 
F 2 ‘ 
Se eel: a ae 
rasta agen siete! oitssyec gil {lise ack = ee +2070 | 5.258 | .03365 
odndcol| A Milldcoones |e 42849 | .52 
Soham all packs c .2043 | 5.189 | .03278 | 41738 pen - 1296 1143 | .03885 «4: 
, 13-64 | .2031 | 5.159 | .03240 | 41260] .510616 sein eee a) aa ix 
. Reel. pas aFetal| || el sr sherste .2030 | 5.156 | .03236 41406 6 pee’ - 1101 -03745 | 8. 
shexs'er stave .1920 | 4.877 | .02805 26864 | sa6ahas - 124 - 1099 -03740 | 8. 
~ Ils | - 00832 . 03346 | 8 
3-16 | .1875 | 4.76 : 
2) |e ee -763 | .02761 | 35156] . ) | ) 
ae +1819 | 4.620 | .02508 BSOhk pian - 1063 -00377 | .O3IQT1 1 oO. 
DL ot peefen Rabat aaalarentl ca) testes -414756||  . 1000 .08825 + 03003 9 
Pacdtosniekell SiN aveNeya se veseeee! -1770:1.4.406 | .02460 | 31320 -405636|| .00706 08642 .02041 ‘|| - 
FR NOt Bina +1760 | 4.470 | .02432 30076 Side aeb a — shes 10 
976 | -386116|| 00366 08262 .02811 || 10. 
11-64 | .1718 | 4.366 | iS 
iB = -02320 | 295 : | / 
r a PSL RR ae Ric +1650 | 4.1901 | .02138 ae 3655 16 - 08932 .07879 | .02681 FF 
Biietroreifisats) Mate tele||ilterareterenees . 1620 vi “samere asea: +0726 / 
4.115 | .02061 26244 | .314120 ninth — ag 
eRe ions ROGtN aseteiteoexeee -07935 07000 -02382 || 12 
5-32 | .1562 | 3.060 | .o1o17 | 2 petal |g Dek 06828 02323 | 12. 
2) TAS Re atl 4414 | .282730|/ .07382 | .o6st2 | .oa216 | cS 
olelleraloy|televenststarivsitll\6i(e\.ssaceee - 1483 | 3.767 OL = ae | 
ET cada eae pe ee, (ea tOns, 
py Ne eee | een - 1480 | 3.750 | .o1r720 | 2 ee ; seed foes 05866 -01906 | I5 
Bae ets +1443 | 3.665 | .01635 20822 aa .06623 -05842 .O 1988 ltrs 
PRES ke - 1440 | 3.658 hikes cen | ost 3: £0 / foe 
3.05 -01628 S554 
£4 20736 | .21181 ‘Sree me 
9-04 | .1406 | 3.572 4 -06269 
721 .o1ss3 | 3 05531 0188 
9775 | «191216 || 1S<s 
LOM etree, Mts sk iia “S873 -OI705 || 16 
aYate vere 's.al|i\’aivushes le +1350 3.42 . : / 
‘ ike RO are . 1340 a poh ee + 155758 .O5510 04861 0x6 
Filieliaiio\ahare. (eh billl\win etal oe - 1285 | 3.26 795 + 149300 .05420 . $4 |} 18, 
10 4 | .01206 | 16512 “OApSS +0 1630 18 
Sees 1280 | 3.251 | .01286 eae + 112896||  . 04902 04404 ne || 18. 
1-8 | .1250 | 3.175 | .ore 3°4 | +TOOSTO!| 04054 0 Peon tee | we 
¥ -01227 | 15625 | .o88010 rye sonar 20. 
areal Sime e Buell icf ar cctors.; +04724 04 168 .01418 | Ia 
gates ntsiey 1205 | 3.061} .or1g0 | 14520 | .05706 | : 
Serato lisa . 1200 | 3. : sa (leah 
: Eee || eo S160 : ve -O1132 | 14400 | .053452 aces eee SSS. ie 
SPIO Bl ay rae | Mme 1144 Paes ae 13456 | .024006|| .04068 ae a 
ey ss . ‘ 1308 » ,Or ; | 
ll_7-64 | .1093 | 9.798 |, soos 3087 | .011942|| 03057 cs 22t 8 ||24.58 |27.86 81.88 
11963 [3.972026 alee 25 : 
.03617 .03 101 Sea -27 |28.65 84. 19 
127.65 !31.34 | 92.10 
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TABLE 6.—SizES AND PROPERTIES OF WirE—(Continued) 
By the American Steel and Wire Company 


Diameter 


~O159 


-OI50 


Milli- 
meters 


2.769 
2.680 
2.642 
2.588 
2.413 


2.381 
2.337 
2.324 
2.304 
2.108 


2.052 
2.032 
1.984 
1.829 
1.651 


1.628 
1.626 
1.588 
1.473 
1.450 


I.422 
Te372 
I.290 
1.245 
I.219 


I.207 
I.I9OL 
Page ayes 
1.067 
I.O41 


I.024 

I.016 
-9144 
-9119 
8890 


-8839 
.8128 
.8052 
-7938 
- 72604 


+7239 
+7LEs 
-6553 
-6426 
-6350 


6096 
5842 
+5740 
5588 
5182 


-5105 
-5080 
+4597 
+4572 
+4547 


+4394 
-4166 
-411I5 
4064 
+4039 
3969 
.3810 


Sectional area 


Weight, lbs. per ft. 


Sq. ins. 


+ 00033 
-00874 
-00849 
008 I5 
00708 


.00690 
- 00664 
00657 
00646 
-00541 


.005 12 
.00502 
-00479 
.00407 
.00331 


- 00322 
-0032I 
.00306 
00264 
.00256 


.002463 
.002290 
.002026 
001885 
.001809 


001772 
001725 
-OOI6II 
001385 
.001320 


001275 
001256 
.OOIOI7 
.OOIOI2 
000962 


000951 
.000804 
.000789 
.000766 
000642 


.000637 
.000615 
.000522 
.000502 
000490 


.000452 
000415 
.000401 
.000380 
000326 


.000317 
.000314 
.000257 
.000254 
.000251 


.000235 
.0002IT 
.000206 
000201 
000198 
.OOOIOI 
.000176 


Circular 
mils 


11881. 
II130. 
108 16. 
10384. 
9025. 


ooo 6 0 


8780. 
8464. 
8372. 
8226. 
68809. 


onNWwW Om 


6528. 
6400. 
6103. 
5184. 
4225. 


oounon 


4108. 
4006. 
3906. 
3364. 
3260. 


FOWd @ 


3136. 
2916. 
2580. 
2401. 
2304. 


ooao o0 


2256. 
21907. 
2052. 
1764. 
1681. 


COR WW 


1624.1 
1600.0 
1296.0 
1288.8 
1225.0 


I21II.0 

1024.0 

1004.9 
976.56 
817.96 


812.25 
784.00 
665. 
640.09 
625.00 


576.00 
529.00 
510.76 
484.00 
416.16 


404.01 
400. 
327.61 
324.00 
320.41 


299.29 
268.96 
262. 
256.00 
252.81 
244.14 
225.00 


Log. of Copper Iron and 
sq. ins. steel 
-969942|| .03592 -03169 
+941594)| .03365 - 02969 
-929156|| .03270 02885 
-911438)| .031390 -02770 
-850538|| .02729 -02407 
-839032|| .02657 -02344 
-822666|| .025590 02258 
-817932|| .02531 02233 
-810304|| .02487 02194 
-733246)|| .02083 -01837 
+7099 12|| .01974 -OI741 
-701270|| .01935 .01707 
-680670)| .01845 01628 
-609754/|| .01567 .01383 
+5209 16/| .01277 .OI1I27 
.508806]| .01242 -01006 
-507450]| .01238 -01092 
-486850}| .o1181 -01042 
-421946|| .o1017 008972 
-408362|| .000858 .008606 
3.391466|| .009482 .008364 
-359878|| .008816 .007778 
-306818]| .007802 006883 
-275482|| .007259 -006404 
-257572|| .006966 006145 
.248478|| .006822 .006018 
-236972|| .006643 .005861 
-207286]| .006204 -005473 
-141588]| .005333 004705 
.120658|| .005082 .004484 
.105700|| .004910 .004332 
-099210|| .004838 004268 
.007696]| .003918 .003457 
.005278|| .003807 -003438 
4.983226|| .003704 .003267 
-978248|| .003662 . 003230 
-905390}| .0030906 .002731 
.897208|| .003038 .002680 
.884790|| .002953 002605 
.807822]| .002473 .002182 
.804780|| .002456 002166 
-789406|| .002370 .002091 
.718330|| .002013 001775 
+701332|| .001935 001707 
.690970|| .001890 .001667 
-655512|| .001742 .001536 
-618546|| .001599 .OOI14II 
-603306]| .001544 . 001362 
-579936|| .001463 .OOI201 
-514350|| .001258 .OOIIIO 
.501482|| .001222 001078 
-497150|| .001209 .001067 
-410448|| .0009905 .0008738 
-405636]|| .0009796 .0008642 
.400796|| .0009688 | .0008546 
4.371182|| .0009049 .0007983 
-324778|| .0008132 0007174 
.314120]| .0007935 | .0007000 
.303330|| .0007740 | .0006828 
.297884|| .0007644 .0006743 
.282730|| .0007382 .0006512 
.247272|| .0006803 . 0006001 


Iron 
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Length, ft. per lb. 


Aluminum || Copper} and as 
steel qe 
01078 27.64] 31.50 92.74 
.O1010 29.72) 33.69 98.99 
.000817 30.58) 34.66 I0I.9 
-000424 32.85) 36.15) x060% 
.OO8IOL 36.65] 41.54) 122.1 
-007977 37.03) 42.66)" “564 
-007682 39.08} 44.30 130.2 
-007599 39.51} 44.78) 131.6 
007466 40.21} 45.58] 133.9 
.006252 48.01) 54.42] 159.9 
.005925 50.66] 57.43) 168.8 
-005809 51.68} 58.58 172 
-005540 54.19} 61.43) 180.5 
004705 63.80} 72.32} 212.5 
003835 78.28) 88.74) 260.8 
003729 80.50) 91.25| 268.2 
.0073 18 80.75] 91.53| 269.0 
.003545 84.67] 95.98} 282.1 
- 003053 98.32] III.5 327.5 
- 002959 101.4 | II5.0 337.9 
002846 105.5 | 119.6 352.2 
-002647 113.4 | 128.6 377.8 
.002342 128.2) | tases 426.9 
.002179 137.8 | 156.2 458.9 
002091 143.6: | 362).7 478.2 
- 002048 146.6 | 166.2 488.3 
- 001994 £50.54) 170.6 501.4 
- 001862 161.2 | 182.7 536.9 
-OO1601 I87 a5, || 202/05 624.6 
001526 196.8 | 223.0 655.4 
.OO1474 203.7 | 230.9 678.4 
-001452 206:.7. | 234.3 688.6 
-OO1176 255.2 | 289.3 850.2 
001170 256.6 | 290.9 854.9 
.OOIII2 270.0 | 306.1 899.4 
.001099 273.1 | 300.6 9090.8 
-0009294 || 323.0 | 366.1 | 1076 
.00090120 329.1 | 373.1 | 10906 
0008863 338.7 | 383.9 | 1128 
-0007424 || 404.4 | 458.4 | 1347 
0007372 407.2 | 461.6 | 1356 
0007116 421.9 | 478.2 | 1405 
.0006041 406.9 | 563.3 1655 
.0005810 516.7 | 585.7 | 1721 
-0005673 || 529.2 | 599.9 | 1763 
0005228 574.2 | 650.9 | 1913 
0004801 625.2 | 708.7 | 2083 
.0004636 647.6 | 734.1 | 2157 
.0004393 683.4 | 774.6 | 2276 
-0003777 794.8 | 900.9 | 2648 
0003667 818.7 | 928.0 | 2727 
.0003630 826.9 | 937.3 | 2755 
9002973 |/I010.0 {1144.0 | 3363 
.0002041 ||1021.0 {1157.0 | 3401 
.0002908 ||1032.0 |1170.0 | 3439 
.0002716 ||1105.0 |1253.0 | 3681 
0002441 ||1230.0 |1394.0 | 4097 
.0002382 ||1260.0 |1429.0 | 4198 
.0002323 ||1292.0 |1465.0 | 4304 
.0002295 ||1308.0 |1483.0 | 4358 
.0002216 ||/1355.0 {1536.0 | 4513 
.0002042 ||/1470.0 |1666.0 | 4897 
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TABLE 6.—SIZES AND PROPERTIES OF WiIRE—(Concluded) 
By the American Steel and Wire Company 
Gage numbers Diameter Sectional area Weight, lbs. per ft. Length, ft. per ib. 
Ameri- 
Bir Ins. 
Steel can p British i Tro: 
5 x min; 5 illi- F i ’ P = 
wire wire iS Imperial 3 He Sq. ins. Cacular tee ee Copper Tron and Aluminum || Co: an Alu- 
ham or Deci- | meters mils sq. ins steel PPer d min 
gage gage Standard|| 64ths : 5 lei | steel a 
(B. &S) Stub mally 
CAS ||Weeoio Seb) o .0148 +3759 |.000172 |219.04 .235614||.0006623 |.0005842 |.0001988 I510 1712 sos 
Daf ie Aare leig cose eo | ncwact -O142 -3607 |.000158 |201.64 .199666||.0006097  |.0005378 |.0001830 1640 1859 5464 
3 OM athe hate sceas AS |S od apace |ladincds o .0140 +3556 |.000153 |196.00 .187346||.0005926 |.0005228 |.0001779 1687 1913 5621 
ZOU | ies cern eps -0136 -3454 |.000145 |184.96 -162168||.0005592 |.0004933 |.0001679 1788 2027 5957 
S¥ losunenen|loneuadclies aos 0ul| aan ooo -0132 -3353 |.000136 |174.24 .136238]|.0005268 |.0004647 |.0001581 1898 2152 6323 
ye Rao] en Aree SERCH | Re, Pas ah .0130 +3302 |.000132 |169.00 .122976|}.0005I1I0 |.0004508 |.0001534 1957 2218 6520 
Sj Te BNR eaiiencre ell oftsierassnepe: lise’ seenes 2 0128 +3251 |.000128 |163.84 ~I0951I0||.0004954 |.0004370 |.0001487 2019 2288 6725 
doce aoa ovo etal |laaabaoe 0126 -3200 |.000124 |158.76 +095832||.0004800 |.0004234 |.000I144I 2083 2362 6940 
bs BOF eaten g Gls .O124 +3150 |.000120 |153.76 -081934||.0004649 |.0004I10I |.0001396 2151 2438 7166 
Sieycustc ache s\|ll'cerexebanece .0120 +3048 |.000113 |144.00 -053452||.0004354 |.000384I |.0001307 2297 2604 7651 
PS 3 em (tenn atten cyiailts cpsirs cai shies [laconanshaues's > [llecevenatte, #0 or18g 2997 |.000109 |I 
d : 3 39.24 +038854||.0004210 |.00037I1 .000126. 
Eg Bre Where aecens .O116 2046 |.000105 {1 6 is) 6 oh : poh —— pli 
i“ 34.5 .024006]|.0004068 |.0003589 |.0001221 2458 2786 8188 
SFE leg otexcusrexcn all lick sveccvers ti .OI1T3 -2870 |.000100 |127.69 -001246||.0003861 |.0003406 OOOTI59 zi 8629 
BO ililtieteresune 0108 -2743 |.00000I |116.6 5.06 ; a — 
pr be eee nae Aas -64 |5.961938)|.0003527 |.00031II |.000r1059 2836 | 3214 0446 
..|.0I04 +2642 |.000084 |108.16 -929156||.0003270 |.0002885 |.00009817 3058 3466 Iors7 
30 31 S35. ll Sage eew es Or00 2540 |.000078 |I00 
si +2540 |. -00 +895090]|.0003023 |.000266 
3 Sima lester tes ys renter rel eeameenaie Ills ote act: .0095 .2413 ].000070 | 90.25 ‘Biocaall concins ae pe oe 3749 1101s 
ere all eres 0092 | .2337 |.000066 | 84.64 8226 i A154 | = 
eee és i 5 4.64 -822666)|.0002559 |.0002258 |.00007682 8 
Sadao Dob aos .0090 | .2286 |.000063 | 81.00 .803576]}.0002 390 4430 13017 
Br | Sees ference vec ellos ole _, -|.00893 | .2268 |.000062 | 79.74 OEE VO So a ee 4083 | 4629 | 13602 
i J -000241I |.0002127 |.00007238 4148 4702 13817 
37 Psi 
2 Gl] Sees ea hel rere Ores Web sacs alleokicy +2159 |.000056 | 72.25 
c ~ -753928)| .000218 .00 
= x Gh ilo boece 0084 12134 |.000055 | 70.56 +743648 Be wae PO seer pee ae aR 
Sev eames Mee Fee | eee Ae ips IRE rer) graces : : : 404 4087 | 5314] 15615 
& re 7 4. -701270]|.0001935 |.0001707 0000580: 
Qacosal | Sorainac me | Rae eee eS .00 a ; oo = 
os 795 | .2019 |.000049 | 63.20 .695824||.o00r91r_|.0001686 | 00005736 5 5858 17216 
Secure :0076 | .1930 |.000045 | 57.76 PEE | PR | ES : 3 5233 | 5932 17433 
. 4 . 54I }|.00005242 5726 64901 19075 
Q 250.00 5fonor a out cca coll ieee ca .0075 -1905 |.000044 | 56.25 6 666 
eee : -645212||.o0017or |. 5 
A ‘4 a ikl ieee oie aa -00708 | .1798 |.000039 | 50.13 -595156 pny, cateee pranks. re - pie: 
S008 dade (itn sos s -0070 | .1778 |.000038 | 49.00 585286||.0 : ; 337 | .00004549 6598 | 7480] 21980 
: Ee lac ae sie heen ene paki I |.0001307 |.00004447 6750 | 7652] 22486 
res celle. Bes, | ceene ra econo : : -0001398 |.0001233 |.00004107 7153 | 8108 | 23828 
|.0 43.5 -534178]|.0001317 |.000r162 0000. 5 eh 
© | : : 3954 7593 8607 25204 
Se tes. | Seaecretbed cree ll Heme eee .0063 +1600 |.0000 
Zee talkers a ? 31I] 39.69 | .493772||.0001200 |.0 
ohn |[wiessuaxia) se)}\ heheh elwiele! ©) e'llllis: a> sastens sa ; -O00T05 ~ 
Zig eee eal aie 8 "0062 | .1575 |.0000301| 38.44 | .479874||.ooo1162 a) Settee aa | ee 
pee iaee ashy st Ch lWcsozr ori -0060 +1524 |.0000282] 36.00 +451302 0007088 ‘echesed fae a = ace gee 
Mapa ae ee ae ole -0058 +1473 |.0000264] 33.64 an : -00009602 | .00003267 9187 | ro4rs 30606 
Sto R.o.ciq| | Meopienchongy | eee meee -00561 1425 |.0000 eee ee ee ee 
: : 247| 31.47 3 6 - Se 9832 | 1145 | 327 
393016}! .000095I5 | .00008304 |.00002856 ies 
TES 8 crepe ach I CROTON | 0055 : 5 T0509 | Ir913 | 35000 
AS: | eects uel le he iM ane veamaml | Bae 3 -1397 |.0000237] 30.25 
=e othe ahs ee BS Ni : +375816||.00009146 | .00 7 
De 56 a ae -132I |.0000212] 27.04 +327006 penne peat pennies Bich Piece —_— 
ee ee ecee bree. ; +1270 |.0000196] 25.00 ; ~00002454 12232 | 13866 
nob: epee e 40 |I.......].0048 .293030/|.00007559 | .00006668 s mat 
AOM@mn (sae ts good -1219 |.0000180 ; ree 13230 
Ct ocrop al eee ae | bee Vaan Oe a EE aay 23.04 +257572||.00006966 |.00006145 |. 00002001 = 3 14997 | 44072 
: ; 21.16 | .220606||.00006398 |. 000056 4385 | TOa73 | 4ySaz 
Sip hes, Scope sel | seaese ga baa face ee ee at 
BOM te hee eight | ag eke +00445 | -I130 |.0000155| 10.80 TOIS8IO]| .00005087 
bees 0044 ic | As : a J -00005282 | 00001707 
, 36 AQ Hira siteske .0040 Toro. Paes rae +181006|| 00005853 -00005164 Scan pa: — = 
MY, Aone eee | 2 .00 0992101] .00 . 7084 | 19366 56011 
nee -00396 | .1006 |.o000123| 1 peeved, Melee! cele. 
: ; : 52 20 
ee ll ane heate a eat 5.68 +090480}/.00004741 |.00004183 -00001423 672 | 23433 | 68863 
% 12.06 +007696)| .oo0003018 .00003457 |.o000r176 2I100I | 23900 70261 
etéhete /aueiyelltaii\\ere /a/<l/0.6 ‘ “a 
aia ea oe *©0353 | .08966].0000007] 12.46 [6.990640 . ee 
ACME eh opie alll, eee :0032 | .08128].0000080| 10.24 aes 00003768 |.00003314 |.o000rr31 || 26543 | 30088 | 88 
ee , 0 . ¢ -000) : 
Mn re - 0034 (ergysienoppara| yokes Te ei 00002731 |.000009204 || 322090 36614 oneal 
See .00280 etn -00002908T |.00 ; 
en eee +07112|,0000061| 7.8 002630 | .c000089 5 
Batis allen -840 | .780406 aoe ee 
-+|.00249 | .06325].00 {MNES TO OUNREOGT pe: 
00048] 6.200 | .687488 -00001875 .00001654 porate pein Ceiceees inc 
43 Sst AOS Uh ere rer £00240 | .06096].0000045| 5.760 6 | a | ae 
Raye are aie dehreyrallli\eeevhenvatero 00222 | .05630].0000038 . +O55512||. 00001742 -00001536 |.000005 
, an CH hT Alilie omercie -00200 | .05080 Poona 4.928 | .587706 +9000I400 |.00001315 Se Sr4as |, C5092 tae 
Oe eae leek eer 00198 | .o50 4.000 | .497150]|.o000r200 |, a 4473 || 6710 | 76074 | 223561 
eer Nee eae 5020].0000030] 3 9 |-90001067 |.000003630 
einen te ella. peeve -00176 |} .04470].000002 -920 -488420 -O000TI85 |.00001046 |, 000 ae eee phacinice 
ee 4) 3.008 386116 +900000366| . 000008262 Prin eBER: 84365 05634 | 281043 
Zohar <ul oe ieee | eae a 00160 | .04064].0000020 2.560 Sees eee ae 
7h), ol tee tea a nes | Oa -00157 | .03088|. 000001 ; *303330/| 000007740] .000006828 
Exot Rega . o| 2. Aoi eoeele 
ZA! Ne res © Cl lnaieatls Faia Rae 00140 | .03556|.0000015] x sh + 286890]! .000007453 -000006574 porte: vearta' lene Lee 
Be 1s call Ub ene ie 00124 | .03150].o0000r2 ej ss -187346|| 000005026 - 900005228) .oo000r va liveetas eoaee pede 
7 sea | ecco 00120 | .03048].ooo00r1 “ve "081934! .000004649] . 000004101 Secs wee ut ee 
7 tee ae Ife sonnad' |” oasadlcscenser oe _.-°53452]| .000004354| oo0004841 oe 390 |/215105 |243837 | 716570 
EoMdiogn tal evoke eae learns -000986] .02504] 0000007 2 7-895090/| .000003023| .000002667| .o000 oovéllneerne een cane 
eI ee ace. 000878] .02230). 9722) .882844|| 0000020 ; 009076] '330746 |374924 |110r800 
30] .0000006 7709| .78208 39} .000002593] .0000008824|| 
+ 782080)! .000002331|.000002056 4//340205 /385646 |1133311 
-90000069007 429047 |486354 |1420266 
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WIRE AND SHEET METAL GAGES 


The only wire gage which has been recognized in Acts of Congress 
is the Birmingham gage. The Treasury Department has for many 
years used this gage in connection with importations of wire, and the 
adoption of succeeding tariff acts with provisions for the assessment 
of duty according to gage numbers gives legislative sanction to the 
gage. ' 

Until certain provisions of the tariff act are amended, the Treasury 
Department probably cannot discontinue the use of the Birmingham 
gage. It should, however, be abandoned by all other users, since 
the gage itself is radically defective and it is nearly obsolete, both in 
the United States and in Great Britain, where it originated. 

For copper wires and wires of other metals the gage universally 
recognized in the United States is the American wire gage, also 
known as the Brown and Sharpe. No confusion need arise between 
the steel wire gage and the American wire gage, because the fields 
covered by the two gages are distinct and definite. 

The piano wire gage now designated as music wire gage is the 
same as heretofore employed under the name American Steel and 
Wire Co.’s music wire gage and is adopted as standard for piano 
wire upon recommendation of the United States Bureau of Standards. 


TaBLE 7.—ULTIMATE TENSILE STRENGTH OF WIRE 
From J. Bucknell Smith’s Treatise on Wire 


Lbs. per 
sq. in 

Blacksorannealed ironin ss. oe des = 56,000 
Bright Hard-drawn 4rOn.. 626.) sees 78,400 
i CSSCRICESSLEEL unr arnie Oor as ae bs 89,600 
Mild Siemens-Martin steel............ 134,000 
High carbon Siemens-Martin steel..... 179,200 
Gructble;cast steels. cates oc noken- 6s tion 224,000 
PIG WISCCC Lae inte cit t oka tts als 5 cus 0c0 208 268,800 
PARTI ORWITCN See ote esters es cveiiny ss oid. § 315,000 
Hatd-ArawiCOppelss i- onchseycne. ac © 63,000 
Burned edicoppe laren = 2,53 ssi «6 cee > 34,000 


Hard-drawn brass (depending on com- 
TOSI ELOT eres 8 cere ae 45,000 to 90,000 
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TABLE 8.—LOADS CARRIED BY WIRES WHEN STRESSED TO 100,000 
Las. PER SQ. IN. 


Loads for other stresses in direct proportion 
By the American Steel & Wire Co. 


Steel wire Diam., | Load, || Steel wire | Diam., Load, 
gage no. ins. Ibs. gage no. ins. lbs. 
8 .1620 2061 15 .0720 407 
oa) aLS5L 1889 My 0696 380 
9 . 1483 1727 16 .0672 355 
1g 1416 | 1575 34 .0649 331 
10 .1350 I431 16 .0625 307 
16 .1277 1281 A 0604 286 
rife . 1205 II40 Vy .0582 266 
14 .1167 1070 34 .O561 247 
4g . 1130 1003 7, .0540 229 
34 . 1092 937 V4 0524 216 
12 .1055 874 a .0507 202 
4 . 1020 817 34 .O4QI 189 
6 0985 762 18 0475 177 
34 .0950 709 M4 0459 165 
13 O9TS 658 4g 0442 153 
44 .0886 616 34 .04.26 143 
6 0857 577 19 0410 132 
34 .0829 540 yy 0394 122 
14 . 0800 503 Vy .0379 113 
44 .0780 478 34 0363 103 
a) .0760 454 20 .0348 95 
34 0740 430 


HYDRAULICS AND HYDRAULIC MACHINERY 


For tabulated values of barometric pressures at various altitudes 
in ins. of mercury, lbs. per sq. in., and ft. of water see Barometric 


Pressure. ; el 
For the relations of British and American measures of capacity 


Weights and Measures. 
TABLE 1.—HYDRAULIC CONSTANTS 
Weight, Volume and Pressure of Water 


ccu. in. = 0.03608 lb. 

I cu. ft. = 62.355 lbs. 
TeCUts = 7.481 U.S. gals. 
TUsio. gal. = 231. Cu. ins. 
TEs cals = 8.34 lbs. 

ZUL/S. gal. EO 337 aGUn tts 

z Ib. = 0.016037 cu. ft. 
r Ib. = 27.712 Cu. ins. 
rb. = o.1199 U.S. gal. 


too ft. head of water = 43.31 lbs. per sq. in. 
too lbs. per sq. in. = 230.9 ft. head. 
Value of r Atmosphere of Pressure 


Lbs. per Ft. head Ins. of 
sq. in. of water mercury. 
14.7 33-947 3° 


Temperature 62 deg. Fahr. 
TABLE 2.—PRESSURE PER SQUARE INCH CONVERTED INTO Fret Heap 
OF WATER AT 62° Faure. 

Read the tens at the left and the units at the heads of the columns. Thus for 
30 lbs. per sq. in., read 69.2841 ft. head, and for 34 lbs. read 78.522 ft, For pres- 
sures greater than those shown, move the decimal point. Thus the head for 26 lbs. 
is 60.046 ft., and for 260 Ibs., 600.46 ft. 


oy. 
Zod 

ha (oy I 2 iS 4 5 6 7 8 9 
ONO 

HOQ 

ao 

‘i Heads, ft. 

OME oreo eia\c-s 2.309] 4.610] 6.928 9 .238/11.547 13 .857|16.166 18 .476/20.785 
Io 23 .0947|25 .404/27.714|30.023|32 .333 34.642|36.052/30.261 41.570/43.880 
20 46 .1894|48 .490|50.808 53-118/55 .427|57.737 60.046/62.356 64 .665|66.975 
30 609.2841/71.504 73 -903|76.213/78.522|80.831 83 .141/85.450|87.760 90.069 
40 92 .3788/04 .688]06 .908 99 .307|/10I .62/103 .93 106.24/108.55 I10.85|/113.16 
50 /I15.4735/117.78|120.09 T12.40/124.71/127.02/129.33 131.64/133.05|/136.26 
60 |138.5682 140.88/143.19|/145.50 I47.8I/150.12 T52.42/154.73|157.04 159.35 
7O |161.66290 163 .97/166.28 168 .50/170.90 173 21/175 .52|/177.83 180.04 182.45 
80 |184.7576 187 .07/169.38 I9I .69]}194.00 196.31/198.61 200 .92/203.23 205.54 
90 |207.8523/210.16 212.47/214.78]217.00 219 .40/221.71|224.02 226.33 228.64 


TaBLE 3.—Frret Heap or WATER CONVERTED INTO PRESSURE PER 


Square Incw ar 62° Fan. 

Read the tens at the left an 
30 ft. head, read 12.990 lbs. 
greater than those shown m 


d the units at the heads of the columns. 
per sq. in., and for 34 ft. read 14.722 lbs, 
ove the decimal point. 


Thus for 
For heads 
Thus the pressure for 26 ft, is 


11.258 lbs., and for 260 ft., 112.58 lbs. 

clo 

ox 0) I 2 3 4 5 6 8 

a mg 9 

Pressure, lbs, per sq. in. ri 4 

(0); a Rae 9.433] 0.866] 1.209 1.732] 2.165] 2.508 3-931) 3.464] 3.807 
Io 4-330 | 4.763] 5.106 5.620] 6.062 6.495] 6.0928 7.361] 7.704 8.227 
20 8.660 9-093] 9.526] 9.950 10.392/10.825 Il.258|1r 601/12 T24/12.557 
30 12.900 |13.423 13 .856/14.280 14.722/15.155 15.588/16.021/16 454/16 .887 
40 17.320 |17.753 18.186 18.619 19.052/19.485 19.918/20.351 20.784/21 217 
50 21.650 22 .083|22.516 22 .940|23.382 23 .815|24.248 24.081 25 .114/25.547 
60 25.980 |26.413/26 846|27.270 27-712/28.145|28.578 29.011)29.444/20.877 
70 | 30.310 |30.743/31 176/31 .609|32.042 32.475/32 .908]33.341 33.774/34.207 
80 | 34.640 |35.073 35 506/35 .030/36.372 36805137. 238|37.671 38. 104/38 .537 
90 38.970 39.403 39 .836/40.260 -702/41 .135|41 -568/42.001 42.436 867 


The Capacity of Cylindrical Tanks 


The capacity of horizontal cylindrical tanks with flat ends, full ,! 
partly full, may be obtained from Tables 4 and 5, the latter by 
Rosert Mawson (Amer. Mach., Nov. 20, 1913) giving the capacity — 
per foot of length for depths of liquid up to the center line and for ’ 
full tanks. For tanks more than one-half full find the vacant — 
volume from the table and subtract it from the volume of the full — 
tank. If the tank is more than one-eighth full, intermediate values 
may be found by direct interpolation with small error. . ; 

The capacity of vertical cylindrical tanks may be obtained from 
Table 6. 

The capacity of rectangular tanks may be obtained from Table 7- 


The Flow of Water 


The fundamental formula for the flow of water under the action 
of gravity is the same as that for the law of falling bodies, viz 


V=V/ 64-4h 
=8 \/hk nearly 
in which v=velocity of efflux, ft. per sec., 
h=pressure head, it. 


> 


The theoretical volume of water discharged is equal to the velocity 
multiplied by the area of the orifice. The actual volume is equal 
to the theoretical volume multiplied by a coefficient of discharge 
which varies with the nature of the orifice. The following values of 
this coefficient are from Clark’s Manula of Rules, Tables and Data: 


Nature of orifice Coefficient 
of discharge. 
Thin. plate... é05 4 <weewss iota gage 0.62 
Cylinder at least 2 diameters in Rommel ad eee 0.82 
Converging cone, length = 2 diameters... ....... 0.95 
Contracted vein, length= + diameter of orifice, I.00 
smallest diameter=.785 diameter of orifice. 
Diverging cone, length =9 diameters: ,o.c 0. 1.46 


The use of the chart is shown 


The assumption is made that the speed of an impulse wheel should 


be 50 per cent. of the speed of the jet. This is, of course, sometimes - 
departed from for various practical reasons. 

The velocities given by the actual velocity curve are 95 per cent. 
of those given by the theoretical velocity curve. If the reader pre- 
fers to make his own allowances from theoretical results, it is only 


necessary to trace the theoretical velocity curve and then proceed 
as in the example. 


Exact results must not be ex 
water in pipes. In addition 
different formulas is the ev 
the pipe, which is scarcel 
renders unimportant the 


pected in calculations of the flow of 
to the different results given by the 
er present question of the condition of 
y capable of exact expression and which 
differences between the results given by 
different formulas. The formulas are intended to apply directly 
to a standard condition of smoothness and cleanness and, since pipe- 


lines are almost cert ime, the calculated di- 


ameters should be increased An addition of about T5 per cent. to 
the calculated diameter will provide for an extreme condition of 
roughness, 


(Continued on page 234, first column) 
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Head in Feet or Horse Power of Jet 


Assuming a head of 440 ft., trace vertically from A to E, thence horizontally to H, where read 1509 ft. per sec., actual velocity, or trace 
to F and thence to G where read 168 ft. per sec. theoretical velocity. Trace horizontally from E to K on 2}-in. diagonal, thence vertically 
to M and read 274 Ibs. per sec. discharge of 2}-in. nozzle under 440 ft.head. Trace vertically from A to B, thence horizontally to C on 
2}-in. diagonal, thence down to D, where read 220 horse-power for a 2}-in. nozzle under 440 ft. head. arenes from A to E to NV on 
18-ft. diameter line, thence vertically and read 85 r.p.m. for an 85-ft. impulse wheel under 440 ft. head. 


Fig. 1—-Spouting velocity, discharge and horse-power of water jets. 


Tank full Tank full 


7" 9 v 
Tank ~~ full —=,948 
10 V h 


= Tank ao full on 844 


Tank + full 2 =,860 


V Tank full 4 = tis 
Tauk 3 full —> =. 748 eat Te en, Ve 
10 ge Tank-45 full—— = ,660 
| ee. D 
Vv 
Tank * tull 7; = .626 y Tank * full & = .579 


= Tank + full 4 = .500 


= Tank : full 7 = 500 


Tank 4 tull 7-=,374 


/ Vie 
Me a 
cae Tank 3 full- V = 252 


%\ Tank +- full 


SS Tank — > full h 


7p. = = .421 


™ Tank + full — 


v_ 


h 
D 
“Tank = full ia = ,254 


ss h 


v 
J oh ig nk 7 full—— = 
p D 


ph ls 
Tank 5 p full Van = .052 


Tank empty Pass x Tank empty 
Tank divided into 10 parts of equal height. Tank divided into 10 parts of equal volume. 


V =total volume of tank, 

» =volume occupied by liquid, 
D=diameter of tank, 

h =height of liquid in tank. 


TABLE 4.—CAPACITY OF HORIZONTAL CYLINDRICAL TANKS 


ard © : re >: 
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TaBLE s.—Capacity oF HorizonTaL CyLINDRICAL TANKS PER Foor or LencrH in Cusic Incues, CUBIC Feer AND 


Depth of Wataene || Depth of Value | Depth of | Vlame Depth of 
liquid, 4 liquid, liquid, : liquid, |. 
ins. Cu.ins. | Gals. ins. | Cu. ft. | Gals. ins. Dear Ste | Gals. ins. 
é Tank 6 ins. diameter Tank 16 ins. diameter Tank 27 ins. diameter 
I 36.0552 160 I -0359 268 12 1.705 12.723 
a 2 08.8666 423 2 .100 -746 13 1.8901 I4.1II 
53 160.6464 734. 3 -180 1.343 134 1.988 14.835 
: Full 339.2028 1.469 _ 4 .273 2.037 Full 3.976 29.671 
: : 5 +372 2.776 5 = 
‘7 - renee iaae diameter : ne j oe Tank 30 ins. diameter 
; 3 : I -0. -36 
I 40.5273 175 7 -586 4.373 2 en I nd 
2 109.0299 472 8 -698 52208 3 aks = 
3 189.2005 810 Full 1.396 10.417 4 aah ee 
; ase 230.9076 -999 Tank 18 ins. diameter ' ; 
am Pull Severs: Sees 5 534 3.985 
m ao : i .038 . 283 6 -696 5-194 
Tank 8 ins. diameter 22 -107 -799 if -868 6.477 
* ’ 3 -192 cee ee 8 : 
‘ E 43.5179 .188 aS 1.047 7.813 
4 .292 2.179 9 1.238 9.238 
2 116.7233 506 
a : 3 Lares ea 5 5399), 29707 10 1.430 10.671 
7 4 301.5936 or ; me 3.843 aa 1.627 12.141 
Pull 603.1872 2.610 ee A188 12 1.835 13.679 
; -757 5.649 13 2.036 15.194 
Tank 9 ins. diameter 9 -883 6.592 14 2.242 16.732 
Full ; 
I 46.2992 200 2 er Teh 13.185 15 2.454 18.313 
; 2 126.1303 506 Tank 20 ins. diameter Full 4.908 | 36.626 
“4, 3 222.4499 963 I .040 208 Tank 33 ins. diameter 
is 4 327.3851 I.417 2 ors -843 I .O51 .380 
a 381.7044 1.652 3 .205 1.529 2 145 = ciee 
3 w 763.4088 3.304 ie 2.313 3 .269 2.007 
Tank 10 ins. diameter 6 (ae 3-179 4 -408 3.044 
E | -550 4.104 5 6 
z -504 4.208 
i 49.0500 212 7 -680 5.074 6 -732 5.462 
: a | 134.1888 _580 8 814 6.075 7 loro 6.858 | 
4 3 i 237.8016 1.029 9 -952 7.104 8 1.109 agit | 10 4.233 3r.sr4 
; 4 352.0440 1.524 10 1.090 8.138 fa) 20 16 
<" 5 471.2400 2.040 Full 2,181 16.276 10 eyes 9.753 = a a 
Full z : , -S19 TI.335 . -T 
7 ‘ é 942.4800 4.080 |) Tank 22 ins. diameter II 1.732 12 aa || Full 9.692 72.328 
a Sic Tank 11 ins. diameter I 042 .31I as 1.946 14.522) Tank 4 ft. diameter 
a 51.6636 (323 F Saath -873 Sy — aang | Wels -174 1.298 
2 141.8244 Oe 3. +215 1.604 4 2.397 17.888 4 497 ape 
3 252.3000 1.002 : aS23 2.425 - é 2.622 19.567 6 906 65k 
4 373.8000 1.618 6 2454 3.373 164% pies 21.253 || 8 1.368 10.208 
5 : Basssc6o Bes, : -581 4.335 ee: 2.960 . 22.160 || 10 1.892 29.400 
54 570.1980 2.468 +721 5.380 5.939 | 44.323 || 12 | 2.456 18.328 
e. Full I140.3960 AubRE A -865 6.455 Tank 3 ft. diameter 14 per pe 
: Fou We57s , ae 
Tank 12 ins. diameter 10 1.165 8.604 +052 -388 zi 3.361 25.08 
- II I.35o 9.850 -152 1.134 | 4.304 32.119 
. 53.7012 1232 Full Ras es: 2 3 -279 2.082 || 7° 4.961 37.022 
i z 147.8220 639 arises sek as is : -428 3-194 || 3? daa 41.8730 
: 265.3274 mri ank 24 ins. diameter -595 4.440 is ee 6.283 46.888 
5 eae eee % 044 .328 -769 5.738 || Fatt 12.566 93.776 
, ee 2.312 2 124 .925 : +963 7.186 | Tank 4 ft. 6 ins. diameter 
Sati 78.5880 2.924 3 .226 1.686 z 269 8.708 2 | 
: 1357.1760 5.848 4 342 21585 9 1.381 10.305 : +190 1.417 
: a : ; .531 2 
Tank 14 ins. diameter : “473 3.529 ce 1.595 | Ir.902 6 se : — 
: 614 4.582 a 1.824 13.611 5 1.466 mney pis 
; .0336 .250 7 +759 5.664 5 2.0590 15.365 |] to 2.056 I eS 
3 093 693 : O15 6.777 e asl pie | |e 2.627 oe 
+167 1.246 9 1.076 8.029 4 2.534 | 18.910 |] 14 epee 19.604 
¢ +251 1.873 10 1.222 9.119 - 2.781 20.753 | 16 eae 24.388 { 
-342 | 2,552 ae 1.402 10.462 . 3.031 22.610 : sige 
6 : 4 17 18 4.634 
: 436 3.253 ee T.570 II.720 8 —. 24.492 20 5 pias 
534 3.084 ull Stan * : 3.534 be ae -349 39.917 
Full riosy ag : nat Full 7.068 : os 6.079 45.365 
7.9 Tank 27 ins. diameter Tank ¥ 52.746 24 6.820 50.805 
Tank 15 ins. diameter I .0a7 vor nk 3 ft. 3 ins. diameter 26 7.567 56.470 
I I 132 +055 -4I =a 7.952 3. 
-0346 .258 3 .985 2 er 4 Pull 59.343 
; 096 724 saat 1.798 3 " 1.186 15.904 | 118.686 
3 175 1.305 ; 3.733 4 ae ees Tank 5 ft. diameter 
4 Pot 506 3.776 444 3.313 2 
: 1.947 6 Gre My 5 610 6 ‘197 1.470 
.357 2.664 i -65 4.805 6 8 oR ee, .553 4.126 
6 .458 Pes -817 6.097 , a 6.044 || 6 iets ; 
7 6 a 984 ORS 7.574 8 j % Ge 
4 +507 4.231 || 9 7-343 | 8 1.231 T.S55 Ir .604 
7 -613 8 I.158 8.642 ; 9.186 10 
Pull 1.227 ase re 1.337 9 A pers 10.753 12 Rp pede s: 
g888 a 1.530 ie ts asnTe 12.507 I ape rte 
173 rr E020 sa aan 5 3.474 25.925 
— _ 4.188 3.265 8 


- 


Depth of 
ici Volume 
ins. | Cu. ft. |. Gals. 


Tank 5 ft. diameter 


18 4.954 36.970 
20 5.721 42.604 
22 6.507 48.559 
24 7-334 54.731 
26 8.147 60.798 
28 8.965 66.902 
30 9.817 73.264 
Full 19.635 146.529 


Tank 5 ft. 6 ins. diameter 


2 -207 1.544 
4 «581 4.335 
6 1.076 8.029 
8 1.634 I2.194 

Bae) 2.256 16.835 

I2 2.931 21.873 

14 3.675 27.425 
16 4.281 31.947 
18 5.229 39.022 

20 6.077 45.355 

22 6.922 51.656 

24 7.786 58.104 
26 8.666 64.671 
28 9.500 70.896 

30 10.486 78.253 

32 I1I.361 84.783 
33 11.879 88.648 

Full 23.758 177.297 


Tank 6 ft. diameter 
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TABLE 5.—Capacity or HorizontTAL CYLINDRICAL TANKS PER Foot oF LENGTH IN Cusic INcHES, CuBIc FEET AND U. S. GALLONS— 
(Continued) 
eee ce Volume Depth of Volume Depth of Volume 
liquid, liquid, liquid, 
ins. | Cu. ft. Gals. ins. Cu. ft. Gals. ins. Cu. ft. Gals. 
Tank 6 ft. 6 ins. diameter Tank 8 ft. diameter Tank 9 ft. diameter 
36 14.944 III.522 26 10.951 81.723 52 30.270 225.806 
38 16.083 120,022 28 12.159 90.738 54 31.808 237.376 
39 16.591 123.817 30 13.388 99.910 Full 63.617 474.753 
Full 33.183 247 .634 . ee ek leh Tank 9 ft. 6 ins. diameter 
Tank’7 ft. diameter 36 E7552 128.000 2 .289 2.156 
2 +241 I.798 38 18.458 137.746 4 +779 5.813 
4 .656 4.895 40 19.777 147.589 6 1.460 10.890 
6 1.209 9.023 42 Pd ss tian 157.545 8 2.184 16.290 
8 1.857 13.858 44 22.444 167.492 Io 3.008 22.433 
10 2.584 19.283 46 23.791 177.544 12 3.962 29.567 
12 3.377 25.200 48 25.132 187.558 14 4.995 37.276 
14 4.191 31.276 Full 50.265 375.116 16 6.220 46.417 
2 Sees 37-960 Tank 8 ft. 6 ins. diameter ze G1992 ety 
18 6.034 45.029 20 8.333 62.186 
20 7.018 52.373 2 .270 2.014 22 9.590 71.567 
22 7.8690 58.723 4 +730 5.446 24 10.819 80.738 
24 9.041 67.470 6 1.348 10.059 26 12.159 90.738 
26 10.115 75.485 8 2.056 15.343 28 13.465 100.480 
28 DE 20S: 83.604 10 2.850 21.268 30 14.881 III .053 
30 I2.333 92.037 a2 3.716 Cy i RE 32 16.243 I2T 236 
32 13.465 100.485 14 4.679 34.917 34 Ey pay pels 132.200 
34 14.618 109.087 16 5.702 42.552 36 19.131 142.768 
36 15.729 117.380 18 6.724 50.179 38 20.652 154.110 
38 16.895 126.082 20 7.848 58.567 40 22.134 165.175 
40 18.069 134.843 22 8.958 66.850 42 23.666 176.611 
42 19.242 143.597 24 10.166 75.865 44 25.243 188 .380 
Full 38.484 287.194 26 II.409 85.141 46 26.743 199.570 
5 E 28 12.618 94.164 48 28.340 211.403 
Tank 7 ft. 6 ins. diameter a0 Faaee 103.880 re o0S0= aa2 844 
2 Sarr I.570 2 -243 1.813 32 I5.180 I13.283 52 31.562 235 .530 
4 -608 4.537 4 682 5.089 34 16.534 123.388 54 33.007 246 .993 
6 1.118 8.343 6 1.274 9.507 36 17.882 133.447 56 34.625 258.396 
8 1.714 12.791 8 1.936 14.447 38 19.223 143.455 57 35.442 264.486 
10 2.356 17.582 10 2.679 19.992 40 20.701 154.480 Full 70.883 528.973 
12 3-079 22.977 12 3.488 26.029 42 27.072 163.970 Taneroteedinmeice 
14 3.853 28.753 14 4.398 32.820 44 23.402 174.641 
16 4.671 34.858 16 5.321 39.708 46 24.833 185.320 2 .207 2.216 
18 5.527 41.246 18 6.290 46.940 48 26.208 195.580 4 +790 5.895 
20 6.384 57.641 20 7.298 54.462 50 27. 722 206.883 6 1.470 10.970 
22 7.299 54.470 22 8.347 62.201 Full 56.745 423.470 8 a.255 Poe 
24 8.236 61.462 2 9.472 70.686 ‘ ro 3.107 23.1 
en 9.194 68.611 x 10.583 78.977 BODE Oth. dismncter 12 4.087 30.500 
28 10.138 75.655 28 II.715 87.440 2 .280 2.089 14 5.080 37.910 
30 I1.125 83.302 30 12.875 96.082 4 -760 5.671 16 6.403 47.780 
32 I2 (25 90.480 32 14.104 105.253 6 1.406 10.4092 18 7.387 55.126 
34 13.125 97 -947 34 I5.201 II4.111 8 2.125 15.856 20 8.556 63 850 
36 14.137 105.500 36 16.500 123.134 10 2.929 21.858 22 9.916 74 000 
Full 28.274 211.000 38 17.722 132.241 12 3.858 28.790 24 Ir.180 83.433 
$ ; 40 18.944 I4I .373 14 4.805 35.858 26 12.473 93 .082 
Tank 6 ft. 6 ins. diameter ve Ae ee 151.000 16 5.868 43.790 28 13.806 103.700 
# as 1.649 44 21.472 160.238 18 6.929 51.708 30 15.354 114.582 
. .638 4.761 45 22.089 164.840 20 8.034 59.955 32 16.750 125 .000 
6 I.152 8.597 Full 44.178 329.680 22 9.250 69.029 34 18.270 sauce 
8 L777 13.261 Tate 6 th easoeter 24 10.506 78.400 36 19.819 147 .902 
8.283 br ‘ 26 11.736 87.580 38 21,291 158.801 
Io 2.450 18. ; Le 1.923 28 13.069 97.529 40 22.882 170.761 
12 3.181 aoe pees ieee 30 14.361 107.170 42 24.500 182.840 
e yet ee : 1.202 9.641 32 15.080 | 117.014 44 26.027 | 194.231 
16 4.804 36.522 : Ae Aesce a i kas Suet 16 ere bee ene 
18 5.765 43.022 di ae ig ne tesa 138.313 48 20.333 218.156 
22 SOK SF Op 3 1646 27.059 38 19.916 148 .626 50 30.908 230.656 
22 7-563 sout40 ; 80 40 21.395 159.664 52 | 32.590 243 .200 
24 8.645 64.514 14 4.500 33-5 : ae saetene 
26 9.666 72.134 16 5-475 40.858 ae pees Bie oee an ae BGue 
649 18 6.540 48.874 44 24.319 181.480 56 35. 7.071 
28 10.673 ie F peuea 55.708 46 25.833 102.783 58 37.569 280.360 
Ae = ee ge 22 8.680 64.776 48 27.277 203.559 60 39.269 293 .056 
* rae 102.403 24 9.826 73.328 50 29.055 216.828 Full 78.539 586.112 


234 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


TABLE 6.—CAPACITY OF VERTICAL CYLINDRICAL TANKS IN CUBIC 


Feet anv U. S. G 


attons, from the National Tube Co’s. 
Book of Standards 


Gals. | Diam- | Cu. ft.] Gals. | Diam- | Cu. ft.| Gals. 

per ft. | eter, | per ft. | per ft.| eter, | per ft. | per ft. 

| depth | ft. ins. | depth | depth’ | ft. ins. depth | depth 
5.87| 5 8 |. 25.22| 188.66] 19 0 | 283.53) 2120.9 

6.891 5 9 | 25.97) 194.25] 19 3°] 291.04) 2177.1 

8.00} .5 10 26.73] 199.92] 19: 6 | 298.65) 2234:0 

9.18) 5.12 | 27.49] 205.67] 19:9 | 306.35| 2201.7 

10.44, 6 6 | 28.27) 211.51/ 20 0 | 314 16) 2350.1 

11.790} 6 3} 30.68] 229.50] 20 3 | 322.06) 2409.2 

.13.22| 6 6] 33.18] 248.23] 20 6 |.330.06) 2469.1 

14.73| 6 9 | 35.78] 267%.60] 20 9 | 338.16) 2529.6 

16.32| 7 0 }: 38.48] 287.88] 21 0 | 346.36) 2591.0 

17.990] 7 3 |+ 41-28] 308.81) 21 3 | 354.66) 2653.0 

19.75 76) [ 44.18] 330.48] 21 6 | 363.05 2715.8 

21.58] |7 9 | 47.17] 352.88] 21 9 | 371.54] 2779.3 

23.50| 8 o| 50.27| 376.01] 22 © | 380.13) 2843.6 

25/50) 8) 3 53.46} 399.88] 22 3 | 388.82) 2008.6 

“o7.58| 8 6] 56.75| 424.48] 22 6 | 397.61] 2074.3 

as “°29:74| 8 9 |* 60.13] 449-82] 22 ‘9 | 406.49) 3040.8 
2° oe 31.99] 9 0 |: 63.62] 475.80] 23° 0 | 415.48] 3108.0 
2%ts 4.587| 34.31] |9 3 |: 67.20] 502.70] 23 3 | 424.56] 3175.9 
2.6 | 4.909] 36.72| 9 6 | 70.88] 530.24] 23 6 | 433.74) 3244.6 
On 5.241] 39.21; 9 9 | 74.66] 558.51) 23 9 |" 443.01) 3314.0 
2 5.585} 41.78 LO! lOrhe 78.54| 587i52) 24 0 | 452.39] 3384.1 
2) 9 5.940] 44.43] Io 3 | . 82.52) 617.26] 24 3 |" 461.86] 3455.0 
2 10 6.305] 47.16] 10. 6 1: 86.59] 647.74] 24 6 |) 471.44) 3526.6 
2 II 6.681} 49.98] 10 9 jz 90.76] 678.95] 24° 9 |. 481.11] 3508.9 
3350 7.069]. 52.88| Ir o 95.03} 710.90] 25 0.|.490.87| 3672.0 
pees 7.467| 55.86] It 3]. 99.40] 743.58] 25 3 | 500.74] 3745.8 
S28 7.876) 58.92] Ir 6 | 103.87] 776.99] 25 6 |. 510.71| 3820.3 
3443 8.206] .62.06] Ir 9 | 108.43] 811.14] 25 9 |4520.77| 3805.6 
See 8.727] 65.28] 12 0 | 113.10] 846.03] 26 0.| 530.93] 3071.6 
Be 65) 9.168] 68.58] 12 3 | 117.86 881.65] 26 3 | 541.19} 4048.4 
3° 0 9.621) 71.97| 12 6 | 122.72] 918.00] 26 6 | 551.55| 4125.9 
ey 10.085] 75.44) 12 9 | 127.68] 955.00] 26 9 | 562.00) 4204.1 
25'S T0.559| 78.90] 13 © | 132.73] 992.91] 27. 0 | 572.56] 4283.0 
3.9 II.045| 82.62! 13 3 | 137.80|1031.5 | 27. 3 | 583.21] 4362.7 
3 10 II. 541 86.33 13. 6 | 143.14/1070.8 | 27° 6 | 503.96] 4443.1 
3 11 12.048] 90.13] 13 9 | 148.49|1110.8 | 27 9 604.81] 4524.3 
4.0 I2.566 94.00) 14 0 | 153.94]1151.5 | 28 © |,615.75} 4606.2 
7s oa 13.095} 97.96/ 14 3 | 159.48)1193.0 | 28 3 | 626 80 4688.8 
7 ee} 13.635] 102.00] 14 6 | 165.13/1235.3 | 28 6 | 637 94| 4772.1 
“a 3 14.186) 106.12/ 14 9 | 170.87|1278.2 | 28 o 649.18] 4856.2 
AM 14.748) 110.32} 15 0 | 176.71/1321.9 | 29 o | 660 52| 4041.0 
4 5 I5.321/ 114.61] 15 3 | 182.65|1366.4 290 3 |.671.96] 5026.6 
4 & 15.90 | 118.97] I5 6 | 188.69|r4rr.5 | 20 6 683.40] 5112.9 
ee 15 9 | 194.83/1457.4 | 290 9 | 605.13] 5100.0 
4 7.95| 16 0 | 207.06 1504.2 | 30 0.| 706.86] 5287.7 

. i“ ae pete a 3 207.39/1551-4 | 30 3 | 718.60) 5376.2 
Bee ee ye = 213.82/1509.5 | 30 6 | 730.62 5465.4 
Sy 8) 19.63 146.88 17 : ee ee sid 3 A ed Ep ag 
5 4. ee ae 17 3 ri peek SPB O Vasa 74 | Oalek 
: 33-+71/1748.2 | 31 3 | 766.00] 5737.5 

os (SEH re A pselve ert ged tea eset 
5 4 22.34 167.12 18 o ape eee sien Ae GRC RE ae 
a a ee ee pee 1903.6 | 32 0 | 804.25] 6016.2 
SO 23.76 177.72 18 6 chica aes Geta ke eos lara oe 
. -80/2010.8 | 32 6 | 8209.58] 6205.7 
See 24.48 | 183.15] 18 9 | -276.12/2065.5 | 32 9 842.39) 6301.5 


The formulas proposed by Wm. Cox, (Amer. 


1894) give, quite closely, the same results 
formulas by Weisbach. Mr. Cox’s formula 
D=discharge, cu. it. per min., 


Let 


d=diameter of pipe, ins., 


V =velocity of dischar 


L=length of pipe, tee 


H =head required to produce velocity V, ft, 


ge, ft. per sec., 


Mach., Oct. 4, 25, 


as the more cumbersome 
S are as follows: 


TABLE 


‘ 


8.—THEORETICAL. SPOUTING VELOCITY AND ACTUAL Dis- 
CHARGE OF WATER THROUGH A CLEAN SQUARE-EDGED CRIFICE 
or 1 Sq. IN. AREA, THE LATTER CALCULATED FOR A COEFFICIENT 


& 


or DISCHARGE OF .6 
awa S. tog 5 | ee 
3 cas 3g | agl i ee 
Ss lead = 6 S85 = Se 
Os " $3 5 
ead $ g - || Head, £9 & | Head, > 3 os 
? oa loo os g2 ol ¢ ono | 822 
ft. er eed Ms PHO a ae 
pe | ese g% (23s ga jgc% 
Oe GeO) oe eke sa | 285 
Ad [Raa ae lads e# lads 
3 2.835} .709 9 24.061; 6.01 51 57-31 | 14.33 
+ 4.010] 1.003 93 | 24.720| 6.18 52 57-87 | 14.47 
“<4 4.911} 1.228 10 | 25.362] 6.34 53 58.42 | 14.60 
2 5.671] 1.417 10} | 25.988) 6.50 | 54 | 58.97 | 14.74 
5 6.340] 1.59 II | 26.600, 6.65 | 55 || 59.52 | 14.83 
| : : 
2 6.946) 1.737 | 11% | 27.198 6.80 56 60.05 | 15.01 
i 7.502] 1.89 || 12 27.783) 6.94 57 60.59 | 15.14 
I 8.020) 2.00 12} | 28.356, 7.08 58 61.12 | 15.28 
1} 8.507| 2.126 || 13 28.917| 7.23 59 || 61.64 | 15.41 
i 8.967) 2.242 13} | 29.468) 7.367) 60 | 62.16 | 15.54 
| 1 
1 9.404| 2.351 14 “| 30.009] 7.50 61 | 62.68 | 15.69 
rt 9.823) 2.46 143 | 30.540 7.64 62 63.19 | 15.80 
1% 10.224) 2.556 ! 15 31.062] 7.77 63 || 63.70 | 15.92 
12 10.610] 2.65 || 153% | 31.576] 7-88 | 64 | 64.20 | 16.05 
1] 10.982 2.75 || 16 32.081; 8.02 65 64.70 16.18 
: } : 1] 
2 II.342| 2.83 | 163 32.579] 8.14] 66 || 65.20 | 16.30 
2k II 601 2.92 || 17 | 33-068) 8.26 67 65. 16.42 
= 12.030 3. 18 - -| 34.027) 8.50 68 |; 66.18 | 16.54 
23 12.360) 3.09 {| 19 | 34.959] 8.74 69 || 66.66 | 16.67 
2} 12.681] 3.17 20 35.89 8.06 7o || 67.15 16.79 
: i 
{| | 
2% toatl 3.249 | 21 ) 36.78 | 9.18 7 |} 67.62 | 16.91 
22 13.306) 3.325 22 37.64 | 9.40 72 || 68.10 | 17.02 
25 13.599 3.40 23 | 38-49 | 9.61] 73 || 68.57 | 17.14 
3 13-90] 3-47 || 24 | 39.32] 9.821 74 |! 69.03 | 17.26 
33 14-177) 3.54 25 | 40.13 | 10.02 | 75 |} 69.50 | 17.38 
| | | | 
3h 14.459 3.614 ) 26 | 40.92 | 10.22 7 | 69.96 | 17.40 
34 14.734) 3-69 || 27 | 41.70) 10.42 | 77 || 70.42 | 17.60 
33 15.004) 3.75 28 | 42.47 | 10.62 | 7 | 70.88 | 17.72 
3% I5.270| 3.82 29 43.22 | 10.80 7 || 71.33 | 17.83 
; 15.531} 3.88 30 | 43.96 | 10.98 | 80 || 71.78 | 17.95 
| ii 
i} 
3% ee 3-94 || 31 | 44.68 | 11.17 81 || 72.23 } 18.05 
- Smeg 4.0r |] 32 | 45.40 | 11.35 82 || 72.67 | 28.17 
. : S34] 4.13 33 | 46.10 | 11.57 83 || 73.11 | 18.28 
43 7. = 4.25 || 34 | 46.79 | 11.70 84 || 73.55 | 18.38 
4y 17.480) 4.37 | 35 | 47.48 | 11.86 85 73.99 | 18.50 
| | | } 
85 ys 4.48 | 36 48.15 | 12.04 | 86 74.42 | 18.61 
val: 4.59 37 | 48.81 | 12.20 87 || 74.85 | 18.72 
: = 9 poe | 38 49.47 | 12.36 88 75.28 | 18.82 
ah 4.8% |} 39 50.12 | 12.53 | 809 75.91 | 18.93 
9-945] 4.9% |] 40 | 50.7 12.69 90 76.13 | 19,03 
; 
6 . 
= means 5.01 41 S5z.39 | 12.85 or 76.56 | 19.13 
St 5. mr 42 52.01% | 13.00 92 || 76.07 | 19.24 
* a eae races 43 52.62 | 13.16 93 || 77-39 | 19.35 
im sclet 5-3 44 53.23 | 13.31 o4 77.81 | 19.45 
5} 5-40 45 | 53-84 | 13.46 05 78.21 | 10.55 
21, || 
74 1.964] 5.50 46 | 54.43 | 13.61 | 06 || 78.63 | 10.66 
72 22.327] 5.58 » | | 
3 oi te ee 7 $5.02 13.75 97 || 79.04 | 19.76 
-O85) 5.67 48 | 55.60 | 13.90 98 || 79.24 | 19.86 
8} 23.036) 5.75 49 | 56.18 
8} as 4a x 50.18 | 14.05 990 ) 79.85 | 19:06 
+393 cate a) Bs 56.75 | 14.18 100 || 80.25 | 20.06 
Then D=.3275Vd?2 (1) 
whence d= _D_ 
+3275V (xa) 
and V= D a 
-3275d? (xb) 
‘Ales 4V24sV—2 = 12000H 
L (2) 


7 


; 
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Putting 4V2+5V—2=K, (2) becomes, 


1200 dH : 
ae hee Z : (2a) 
a8 KL 
whence LIEG (2b) 
KL r 
T= a00d (2c) 
; 1200dH 
and Ib =. (2d) 


Formulas (2)—(2d) apply to clean smooth cast-iron pipes. To 
make them and the tables applicable to lapped and rivetted pipes, 
rooo must be used instead of 1200 in formula (2) and its transposi- 
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Table 9 gives the discharge in cu. ft. per min, from pipes of 1 to 
48 ins. diameter for a uniform velocity of 1 ft. per sec. and from it 
the discharge for any other velocity may be obtained by ‘simple 
proportion thus: 

What diameter of pipe will discharge 500 cu. ft. per min. with a 
velocity of 4 ft. per sec? ; 

The proportionate discharge for a velocity of 1 ft. per sec. would 


be = 125 cu. ft., and from Table 9 we see that this would require 


a pipe 20 ins. diameter. 
Table ro gives values of K=4V2+5V—2 corresponding to veloc- 
ities V from r to 20 ft. per sec. Its use is best shown by examples: 


TABLE 7.—CAPACITY OF RECTANGULAR TANKS PER Foor oF DeptH IN U. S. GALLONS. 


Width of 
donate Length of tank, ft. 

Ht | Ins, (24) 3 | 3 | 4 | 44 | =s 54 | 6 6140 | aval sae ls 814 9 94 | 10 | 104 | rt | rr | 12 
a 37.40/44 .88|/52.36] 50.84] 67.32] 74.81] 82.20) 89.77| 97.25|104.73/112.21|119.69|127.17|134.65|142.13|149.61|157.00 164.57|172.05|179.53 
2 6 |46.75/56.10/65.45] 74.80] 84.16] 93.51/102.86|112, 21/121 .56|/130.91|140.26|149.61|158 .96|168.31|177 .66|187.01|196.36|205.71 215 .06/224.41 
SMa vere ails. wer 67 .32|78.54| 89.77|/100.99/112.21/123.43/134.65|145 .87|/157.00|168 .31|179.53|190.75|202.97|213.19 224.41/235.63/246.86|258.07|/260.30 
BE} Sal frees tee 91.64) 104.73/117.82/130.91/144.00]157 09/170. 18/183 .27/196. 36/209 .45|222 .54|235 .63|248.73|261 .82|274 .90|288.00|301.09 314.18 
4 | sca \= eer See | eee L19.69|134.65|149 .61/164 .57|179.53|194.49|/209.45|224.41|239.37|254.34|269.30|284.26|209.22|/314.18|/329.14 344.10/359.06 
4 6 atc tie S ix, ollhete asc sl PaS eae s I51.48/168 .31/185.14/201 .97/218 .80/235 .63|252.47/260.30/286 . 13/302 .96|319. 79/336 .62|353.45|370.28|387 .11 403.94 
MME rele aaa xo cattassc in a evalftek ees: sublais wae. 187 .01/205 .71/224.41|/243 . 11/261 .82/280.52/209.22/317.92/336.621355 .32|374.031302.72 411 .43/430.13/448.83 
5 yl Sas = | ee Ee Cs eee (een ae Sea 226 . 28/246 .86|267 .43/288 .00/308 .57/329.14/349.71/370.28/300.85|411.43|432.00/452.57 473 .14|493.71 
(35, aes oy ed ene Wie ete We, cnc nace, eres sAlsen o oie 269 30/201 ..74/314.18/336.62/359.06/381 .50/403 .94/426.30|448 .83 471.27|493.71 516.15 538.59 
6 (er CS) ee ne | eRe ama $620 sovleo/aenoealloaeses 316 .05/340. 36/364 .67/388 .98/413 .30/437 .60/461 .92|486 .23/510.54/534.85|550. 16/583 .47 
2 ..| aoe oS ces GEER aed Seam Poros create Bein e eo) oom) Seinen 366 .54/302.72/418.91|445 .00|471.27|497 .45|523 .64|549.81/575 .99|60218|628 .36 
EN se Sth Ke nc Bon Meee, I ce ce hel ease, aeeilla pire we ole dein afin soles 420.78/448 .83/476.88/504.93|/532.98/561 .04|/589.08/617 .14|645 .19/673 .24 
8 ae Soo eee Dern Ia Go sacyee Wh feos cot cite Satta alters sacks) a Stove dey er ell ene Sees docltMmatiecel saa ieve Se 478 .75|508 .67|538 .59/568 .51|598.44|628 .36/658. 28/688 .20|718.12 
8 Gee wees. “ete Sagas, eit Sete US ES Sins SI) ater eae) [a nea eee (ea sea ae 540.46/572 .25|604.06/635 .84|667 .63|600.42/731 .21|763.00 
ee RE eee i ieia a te flonan llctc cereific scorns fe Saye eel cisuelsucahisa revels ci|'eue-eieieullle. ee elere fee eee wills o Siete, « 605 .92|639.58/673 .25|706.90|740.56|774.23|/807.89 
9 Eee NL Ceres ell sucWegeret eae << eve cific cate sane oii oOo ca? of [tax ot cte)sslie)| eneicaese,e"|le.evessueee ll eteteie wl willfo,altelemstellls alereneYouffnw oct ane 675 .11/710.65|746.17/781.71|817 .24|/852.77 

a a Seas ete ere 8 ss cancel (ancl, sfathwontstahs <tc auaneee ds llacel oaalallteve wipe Elana eleielalllascecere olftaiwe ca aliaa wavs 748 .05/785 .45|822 .86|860.26/8907 .66 

10 ay eee ead ee ee |e ee od Ie etey deer fl aie) ah circle ateters veils a oie ealetate vote fell ie ereveresallhevere sigs [venese oravalls’ deneyena [lace seep. o}llav’ ore < Wherever, ens 824.73/864.00|903 .26/942.56 

5s oll eee a cane Meee PI. een Me terion ai tacey aio ats are, oS PethiT sie Voce nilie: Sistrnar alin stsiare Ofte als Woelleale +kcedle Sage Hlttekace ll em aes 905 .14|946.27/987 .43 
2 ae) | CA fe actif Ue ete 7 gag A Pe eae aa iN ia ogee ree OR aie ip ea ee |e e-em as ie | hc Se 980 .29|103 .23 
I2 ee ae RC ee eee ails cai cl oiits) wipird er aif ste eVie 0 1¢\ ]ke ievicicel wcell| eye rw.'e ela Mlvuacmre sie, fielded etait ile Ua eiiel ioe] mltp:inse.ss-'slWetelioteretal lhe; wiaaena.cjiliene eta Site \[Me Here ile o/h Cue ccoetens tl ewedel =e < 107.72 

TABLE g.—DISCHARGE FROM PIPES IN (Gay aie TABLE 10.—VALUES OF K=4V?2+5V —2 
PER Min. With VELOcITY=1 FT. PER SEC. 2 eral Ste ee eee ET ee ers ee ea 
Diam., | Cubic Diam., | Cubic Diam., NON foe Sheu Filla eons ore I sce ereksieke faa tfocka th ane 0.64 I.50 2.44 3.46 4.56 5.74| 0.0 
ins ftx ins. Ge ins. 1.0 7.00 8.34 9.76} 31.26} 12.84) 14.50] 16.24] 18.06] 19.96] 21.94] I.0 
75 33 2.0| 24.00] 26.14] 28.36] 30.66) 33.04] 35.50] 38.04] 40.66] 43.36] 46.14] 2.0 
. piace ‘sf oe 34 3.0| 49.00] 51.94) 54.96] 58.06] 61.24] 64.50] 67.84] 71.26] 74.76] 78.34! 3.0 
Ae ; ee 35 4.0| 82.00} 85.74] 89.56) 93.46| 97.44] 10I.50] 105.64] I09.86| 114.16] 118.54] 4.0 
*s see : 00] 127. 132.16] 136.86) 141.64} 146.50] 151.44] 156.46] 161.56] 166.74] 5.0 
4 | 5.2360 20 130.90 36 ted (et tops) ce 4 
5 ese zc atone oF 6.0] 172.00] 177.34] 182.76] 188.26] 193.84] 199.50] 205.24] 211.06] 216.96] 222.04] 6.0 
8 8 7.0| 229.00] 235.14] 241.36] 247.66) 254.04] 260.50] 267.04] 273.66] 280.36] 287.14] 7.0 
leas ie 5 = me 8.0] 294.00] 300.94] 307.96] 315.06] 322.24] 329.50] 336.84) 344.26] 351.76] 359.34] 8.0 
~ i ie See 40 9.0} 367.00] 374.74| 382.56] 3900.46; 398.44] 406.50] 414.64] 422.86] 431.16] 439.54] 9.0 
Sau aha re E .46| 518.56] 527.74/10.0 
10.0 8.00] 456.54] 465.16] 473.86] 482.64) 491.50] 500.44] 509.46] 5 5 
9 |26.507 25 204.53 41 44 
Be psa 845 ae edie ae Ir.o0} 537-00] 546.34| 555.76] 565.26] 574.84] 584.50) 594.24] 604.06] 613.06) 623.94/II.0 
6 I2.0| 634.00] 644.14] 654.36| 664.66] 675.04] 685.50] 696.04] 706.66] 717.36) 728.14/12.0 
Ay a ed of age oe 13.0] 739.00] 749.94| 760.96] 772.06] 783.24] 794.50] 805.84] 817.26) 828.76) 840.34/13.0 
I2 {47.124 28 250.5 ae 14.0| 852.00] 863.74] 875.56] 887.46] 800.44] 911.50] 923.64] 935.86] 948.16] 960.54/14.0 
13, |55-305 28 welds We 15.0] 973.00] 985.54] 998.16/10T0. 86) 1023 .64)1036. 50/1049. 44/1062. 46|1075.56|/1088.74/15.0 
14 |64.141 30 294.52 || 46 
15/73. 631 a wine t | ye 16, 0/1102. 00|1115.34|1128. 76/1142. 26|1155. 84/1169. 50/1183. 24/1197. 06/1210.96/1224.04|16.0 
16 [83.776 23 Beet s 17.0/1239.00|1253.14/1267.36|1281. 66/1206, 04/1310. 50/1325 04/1349. 66/1354. 36/1369.14/17.0 
All other velocities in strict proportion. 18. 0/1384. 00/1398.94/1413.06|1420.06|1444.24|1450.50/1474.84|1400. 26/1505. 76|1521.34|18.0 
19. 0/1537.00\1552.74|1568.56|1584. 46/1600. 44/1616. 50|1632.64|1648.86/1665.16|/1681.54)19.0 
[20.0 1698. 00|1714.54|1731.16|1747.86|1764.64 1781.50 1798. 44/1815. 46/1832.56|1849.74/20.0 


tions, while for seamless wrought-iron pipes with flush joints the 


constant 1500 should be used. 

The velocities in pipe-lines seldom exceed 6 ft. per sec. in low and 
medium head-water power plants. In high-head plants the velocity 
sometimes reaches 13 ft. per sec. For the mere delivery of water 


no such restriction holds. 


Given a pipe 12 ins. diameter, 3000 ft. long and 20 ft. head; what 
will be the velocity of discharge and the discharge? 
By equation (2a) we have 


20 X 1200 
Kee —— =06, 
3000 
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which, according to Table ro, corresponds to a velocity of 4.4 ft. per 
sec., nearly. Now, from Table 9, we have 
Discharge = 47.124 X4.4 = 207.3 cu. ft. per min. 

Given a pipe 2400 ft. long, with a head of 80 ft., what must be its 
diameter to produce a velocity of discharge of 5 ft.? 

Taking from Table 10 the value of K corresponding to a velocity 
of 5 ft., and inserting it in equation (2b), we have 

123 X 2400 
oe 801200. 

Given a 24-in. pipe 1800 ft. long, what head is required to produce 
a velocity of discharge of 8 ft. per sec.? ; 

Taking from Table 10 the value of K corresponding to a velocity 
of 8 ft., and inserting it in equation (2c), we have 
294 X 1800 
24X1 200 

What diameter of pipe 4500 ft. long will discharge 4020 cu. ft. per 
min., with a head of 24 ft.? 

In this problem neither the velocity nor the diameter of the pipe 
are given, so that we must proceed by trial. We will assume, there- 
fore, a trial diameter of 40 ins., and inserting this in equation (2a), 
we have 


=3 ins. 


Head = = 18.4 hiGe 


40X 241200 
Metter 500)p ie 
which, according to Table 10, corresponds to a velocity of 7.4 ft. per 
sec, nearly. Now by Table g the discharge of a 4o-in. pipe with 
this velocity is 


K 256 


D=523.6X7.4=3874.64 cu. ft. 


This diameter is, therefore, clearly not enough, as there is a short- 
age of 4020—3874.64=145.36 cu. ft. From Table 7 we now see 
that a 41-in. pipe will discharge 26.5 cu. ft. per unit of velocity 
more than a 4o-in. pipe; therefore, with the same velocity of 7.4 its 
we have 


26.5 X7.4=1096.1 cu. ft., 


which is more than the previous shortage, so that a 41-in. pipe is 
amply large enough to satisfy the requirements of the problem. 
_ This problem is probably the one whose solution is most frequently 
called for and is the most tedious to solve. The solution here given 
is believed to be the simplest that has been offered. 
_ What head is required to discharge 1000 cu. ft. per. min. from a 30- 
in. pipe 300 ft. long? 

From Table 9 we find that the velocity of discharge must be 


Tooo 


paen 3.4 ft. per sec. Taking from Table 10 the value of K corre- 


sponding to this velocity and inserting it in equation (2c), we have 
61. 
rrerde 1.24 X 3000 
39X 1200 
To make the calculations in U, S. gallons instead of cubic feet, 
formula (1) becomes: 


=5.1 ft. 


G=2.45 Vd? (3) 


in which G=discharge, gals. per min., 
V =velocity of discharge, ft. per sec., 
d=diameter of pipe, ins. 


Table 11 gives this discharge for pipes from 1 to 48 ins. diameter 
for a uniform velocity unit of 1 ft. per sec, 
the same manner as Table Q. 

: To find the velocity head, that is, the head required to produce any 
given velocity of discharge, use the formula: 


It is used in precisely 


Vn=.orss V2 


in whichV =the head in ft. required to produce the velocity V, 
Similarly, to find the pressure head, that is, the pressure required to 
produce any given velocity of discharge, use the formula: 


(4) 


Vine 72 
pe eoenis. (5) 
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in which Vp=the pressure in lbs. per sq. in. required to produce the 
velocity V. 


TABLE 11.—DISCHARGE From Pires IN U. S. GALs. PER Min. WITH 
VELOCITY=1 FT. PER SEC. 


: : | Diam. 
Diam., Die; | Gallons | pesca Gallons 
pas Gallons oe | FB, 
I 2.448 | 1 | 707-47 || 33 2665.9" 
2 9.792 || | 793-15 34 2829.9 
3 22.032 | 19 ) 883.73 35 2998.8 
4 39.168 20. | 979.20 36 3172.6 
5 61.200 | 21 1079.6 37 3351.3 
6 88.128 | 22 1184.8 38 3534.9 
yf 119.95 23 1295.0 39 3723-4 
8 156.67. | 24 1410.0 40 3916.8 
9 198.29 | 25 1530.0 41 4115.1 
10 244.80 26 1654.8 42 4318.3 
II 296.21 27 1784.6 43 4526.3 
12 352.51 28 1919.2 44 4739.3 
13 hn 42a ge 29 2058.8 45 4957.2 
14 | 479.8: | 30 2203.2 46 5180.0 
15 550.80 | 31 2352.5 | 47 5407.6 
16 626.69 32 2506.7 48 5640.2 


All other velocities in strict proportion. 


Table 12 gives a list of heads in ins. and ft. with their equivalent 
pressures in lbs. per sq. in. and also the corresponding velocities 
in ft. per sec. produced by these heads or pressures. 

It is often more convenient to base all calculations upon pressure 
in Ibs. instead of heads in ft. To reduce heads in ft. to pressures in 
Ibs. per sq. in., multiply the head by .4331 or consult Table 3. So 
likewise equation (2a) becomes: 

_ 2768 dP 
> ae 


in which P= pressure, lbs. per sq. in. corresponding to head H of (2a), 
the remaining notation being as in (2a). 

Table 13 for the loss of head due to friction in lapped and rivetted 
pipe has been calculated by the Pelton Water Wheel Co. from Cox's 
formulas, except that the factor 1200 is replaced by rooo as directed 
by Mr. Cox. 


K (6a) 


TABLE 12.—VeELociTIEs WITH CORRESPONDING HEADS AND 


PRESSURES 

Vel. head, |VCl- Pressure) || Vel. head, | Vel: Pressure| 

ins. Ths. per ft. per sec.|| ft 4 f : 
sq. in. : ’ ; sq. in. | ft. per sec. 

.186 -0067 | 1.00 ||  r.ass . 5451 9.00 
744 0269 =| 2.00 | 1.550 .6730 10,00 
1.000 -036r | «2.32 | 2.000 - 8670 II.35 
1.674 0606 3.00 2.307 I.0000 12.190 
2.000 .0722 3.27 3.000 I. 3005 13.00 
2.976 .1077 4.00 4.000 1.7340 16.05 
3.000 1084 4.01 4.614 2.0000 17.24 
4.000 .1445 4.63 5.000 2.1675 17.04 
4.650 - 1682 5.00 6.000 2.6010 19.66 
5.000 - 1806 we s:) | 6.920 3.0000 22.12 
6.000 . 2167 5.67 7.000 3.0345 21.23 
6.606 +2423 6.00 8.000 3.4680 22.70 
7.000 -2520 6.13 9.000 3.9015 24.07 
8.000 2800 6.55 || 9.227 4.0000 24.38 
9.000 -3251 6.95 || 10.000 4.3350 25.38 
9.114 +3208 7.00 || 41.534 5.0000 27.26 
10,000 -3612 7.32 13.841 | 6.c000 20.86 
II,000 -3974 7.65 16.148 | 7.0000 32.26 
IT.904 +4307 8.00 18.454 8.0000 34.48 
12 +4335 8.02 || 20.76r 9.0000 36.58 


A graphical method of making pipe-line calculations for the flow of 


water Js given in Fig. 2, by WALTER R. Crark, Mech, Engr. of the 
(Continued on Page 238 first colivmn) 
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= 
¥ TaBLe 13.—Loss or Heap By Friction PER 100 Fr. LENGTH or PIPE 
: Diam. 
e 6 7 8 9 10 
ins. . II 12 13 I4 15 16 18 
3 i Loss Loss Los ; 
Vel. an 3 al vee % g ce 3 ¢ toe 3 : Loss 3 F Loss 3 F Loss| 3 | | Loss| 2 =| Loss| 8 .| Loss| @ .| Loss|» | Loss| » | 
in ft. Reale “8 OEM ie < CH les 5 OLD eesneOh Mec COL meet of aco 4 CrP Wee) colt ideas! | score ke oclth ase f] se 
ae ea 28 head 2 4 head 2 = head 2 i head 3 head 3 a head|.2 & | head 2 | | head | 2 & head | .2 & head|.2 &|head| .2 B 
Be] IO ol tO ee tS al os al om [a Bln |S 8) im 13 8) in [2B] in |e Bl in |B] in |B] in | a8 
2 ee feet feet feet feet feet | O feet | O feet | O feet |S feet | O feet |C © feet | 0 
ra Se os 33 | 32.0) .30 | 41.0] .26 | 53.0] .23 | 65.4] .21 79 198] 04 | .183] 110 | .169] 128 | .158] 147 +147) 267 | .32) 212 
i. +4! es ap 35/03/35) | 400 i 3r el 58.3) 28) | Fa. 25 87 | .234| 103 | .216] 121 200] I41 .187| 162 £275) TS4. | skSOl 233 
a ae 2 e 4! 38.5] .4 | 50.2! .36 | 63.6] .32 | 78.5] .20 95 273) T33 252) 133 | .234] 154 | .218] 176 | .205] 201 | .182| 254 
a -63 | 30. oe 40.7| -47 | 54.4) 42°] 68.0] .37 | 85.11 .34 | 103 315] 122 290] 144 | .270]) 167 | .252| 191 7230), 229 10. 220l0 275 
P +72 | 32.9) .OT | 44.9) .54 | 58.6} .48 | 74.2] .43 | 91.6] .30 | 11x | .360 I32 | .332] 156 | .308] 179 | .288] 206 | .270| 234 | .240| 207 
3 aut -8r | 35.3] .69 | 48.1] .6r | 62.8] .54 | 70.5] .48 98.2] .44 | 119 | .407| 141 | .375| 166 | .340] 192 | .325| 221 | .306| 251 | .271| 318 
3. -OL | 37.7| .78 | 51.3] .68 | 67.0] .60 | 84.8] .54 |105 AD | ray AS 2Sr A22| 177 | .392] 205 || . 366)" 235 +343] 268 | .305] 339 
3 af T.02 | 40.0] .87 | 54.5| .76 | 72.2] .68 | 90.1] .6r |r1r -55 | 134 510] 160 | .471] 188 | .438] 218 | .408] 250 | .383] 284 | .330| 360 
oe 1.13 | 42.4] .96 | 57.7] .84 | 75.4] .75 | 95.4] .67 |118 +61 | 142 | .566) 169 | .522] 199 | .485| 231 | .452| 265 | .425| 301 | .377| 382 
3.8 [1.25 | 44.7|1.07 | 60.9] .03 | 79.6] .83 |ro1 74. |124 -68 | 150 | .624] 179 | .576] 210 | .535| 243 | .400| 280 | .468] 318 | .416] 403 
4.0 |I.37 | 47.1)1.17 | 64.1/1.02 | 83.7] .or |106 oe Est -74 | 158 | .685] 188 | .632] 221 | .587| 256 | .548| 204 | .513] 335 | .456| 424 
4.2 |1.49 | 40.5/1.28 | 67.3]/1.12 | 87.9] .99 |111 .89 |137 -81 | 166 | .749] 198 | .691| 232 | .641| 269 | .508] 300 | .561| 352 | .499] 445 
4.4 |1.62 | 51.8]1.39 | 70.5|1.22 | 92.1|1.08 {116 -97 |144 -88 | 174 | .815] 207 | .751| 243 | .608] 282 | .651| 324 | .611| 368 | .542| 466 
4.6 Laut $4.2). 5E | 73. 7/232 | 06.3]%.17 |122 |r.0s5 |150 96 | 182 | .883] 217 815] 254 | .757| 295 | .707| 339 | .662| 385 | .588] 488 
4.8 |1.90 | 56.5/1.63 | 76.9|1.43 |1oo. |z.27 |127 |1.14 |157 |1.04 | 190 -954| 226 | .881| 265 | .818} 308 | .763] 353 -715| 402 | .636| 500 
5.0 }2.05 | 58.9|1.76 | 80.2/1.54 |105 {1.37 |132 |1.23 |163 |1.12 | 198 |r.028] 235 949] 276 | .881| 321 822! 368 -770| 419 | .685| 530 
x _ 5.2 |2.21 61.2/1.89 | 83.3|1.65 |1co |1.47 |138 |1.32 [170 |1.20 | 206 |r.104| 245 |1.02c} 287 | .047| 333 | .883| 383 | .828 435 | .736| 551 
SoA 12-37) | 03.0/2.03 | 86.6)5.977 |It3 (1257 |143 “\t.4t |277 |r.28 | 214 It. 183 254 |1.092| 298 |1.014| 346 | .947| 307 .888) 452 .788)| 572 
5.6 |2.53 | 65.9|2.17 | 89.8|1.89 |1r7_ |1.68 |148 |x.5r [183 |1.37 | 222 |1.26 264 |1.167| 300 |1.083] 359 |I.o11| 412 -949| 469 | .843) 504 
5.8 |2.70 | 68.3)2.31 | 93.0/2.01 |/12r |1.80 {154 |1.61 |190 |1.46 | 229 |1.34 | 273 |1.245| 321 |1.155| 372 |1.078| 427 |1.011 486 | .899| 615 
6.0 {2.87 | 70.7|2.46 | 96.2/2.15 |125 |r.92 |159 |1.7I |106 |1.56 | 237 |1.43 | 283 |1.325| 332 |r.220| 385 |1.148| 442 |1.076| 502 -957| 636 
7.0 |3.81 | 82.4/3.26 |112.0\2.85 |146 -52 |185 |2.28 |229 |2.07 | 277 |r.9r | 330 |1.75 | 387 |1.630] 449 |1.520| 515 |1.430| 586 |1.270| 742 
tap 20 22 24 26 28 30 33 36 39 42 45 48 
Loss |» .,|Loss|} +» .| Loss| » .| Loss| + ,.|Loss| » .| Loss|» ,|Loss| + ,|Loss| » ,| Loss|» ,| Loss| ,|Loss|+ , iMess ogee 
Vel. ot | 8 G| of (25) of 2-8) of 2 | of 28! of | 2 G| of 2.8] of 22) of | SS] of | SS] of | SE] of 18 4 
mi | head | 9 head | .2 8 | head 2 E | head |.2 head| 2 =| head |.2 head | 2 head | .2 E | head 2 Fl head| 2 | head| 2 El head| .2 
Pet in | 28] in |S 8) in JS S| in [SS] in |S] in [3 S| in | 38] in [SB] in [SS] in |B S|.in [SS] in | eS 
= a > & 7) ror a a a a a a 5 a [or 
ig feet | O feet.| ° feet |O feet |O feet | 0 feet | OC feet | O feet | 0 feet | 0 feet | © feet | 9 feet | O 
2.0 | .119| 262 | .108) 316 | .0098] 377 | .091| 442 | .084] 513 | .079] 580 | .073/ 712] .066/ 848) .061) 905] .057| II55] .053] 1325] .050] 1508 
252 140| 288 127| 348 I16| 414 .108] 486 .009| 564 | .093| 648 085} 785] .078] 933] .072] 1094] .067] 1270] .063] 1456] .059] 1658 
q 2.4 164| 314 149| 380 .136] 452 .126] 531 .116| 616 -100] 707 100| 855] .oor| ror8} .084| 1194] .079] 1385] .073] 1590] .069] 1809 
2.6 189} 340 I7I| 412 157| 490 | .145| 575 -134| 667 .126| 766 II5| 927] .104] 1100] .097| 1294] .090] 1500] .084] 1721} .079] 1960 
2.8 216| 366 -195| 443 180] 528 .165| 619 -153| 718 -144| 824 I3I| I000} .119] 1188 III] 1394] .103] 1617] .096] 1855] .090} 2110 
3.0 245| 393 222) 475 204] 565 | .188] 663 | .174| 770 | .163] 883 148] 1070] .135| 1273] .125| 1442] .117] 1730] .109] 1987| .102) 2260 
8.2 275| 419 | .240) 507 229| 603 | .211| 708 | .105| 821 | .182] 942 | .167| 1140] .152] 1367] .141] I5Q1] .131] 1845] .122]) 2120) .115]) 2410 
3.4 306| 445 278] 538 255| O41 -235| 752 | .2%8| 872 .204/1001 186| 1210] .169] 1442| .157] 1690] .146] 1961] .136| 2250] .128] 2560 
sa 330) ATE 308] 570 283] 678 | .261| 796 | .242| 923 | .226|)1060 206] 1282} .188| 1527] .174| 1790| .162| 2070] .I51| 2382) .142] 2715 
3.8 -374| 497 .340| 601 312| 716 288] 840 -267| 974 .249|1119 226) 1355| .<207| T6re Ior| 1891 178| 2190] .166| 2515 156| 2865 
4.0 410/ 523 373| 633 | .342| 754 | .315| 885 | .203/1026 | .273|1178 | .248] 1425] .228] 1607] .210] 1900] .195] 2310] .182) 2650) .171) 3016 
4.2 | .449| 550 | .408| 665 | .374] 70x | .345| 929 | .320|1077 | .209/1237 | .270] 1495] .249] 1782] .220] 2001] .213] 2422} .198| 2780) .186) 3165 
4.4 | .488| 576 | .444| 607 | .407| 820 | .375] 973 | .348|1129 | .325]1296 | .295| 1568] .271] 1866} .250) 2190) .232| 254¢| .216| 2010] .203) 3318 
4.6 | .520] 602 | .482| 728 | .441| 867 | .407/1017 | .378|1180 | .353/1355 | .321| 1640] .204] 1951] .271| 2296] .252) 2658) .235} 3045] .220) 3470 
4.8 | .572]| 628 521] 760 476] 905 | .440/1062 | .409/1231 .381/1414 | .346] 1710) .318} 2036) .203] 2380) .270) 2770] .254| 3180] .238} 3619 
5.0 | .617| 654 | .s6r| 792 | .513] 942 | .474|1106 | .440/1283 | .411/1472-] .374] 1780] .342] 2121) .316) 2490) .204) 2885 273| 3310] .256| 3770 
5.2 | .662| 680 | .602| 823 | .552| 980 | .sro|r1s0 | .473/1334 | .441/1531 | .403| 1852| .368] 2206) .342] 2590] .317) 3000) .206/ 3442) .278| 3920 
5.4 | .710| 707 | .645| 855 | .sox|ro18 | .546|1104 | .507|1385 | .473]1590 | .430] 1922] .394] 2201] .364] 2689] .338) 3115] .315| 3578) .205) 4071 
5.6 | .758| 733 | .690| 887 | .632|1055 | .583|1230 | .542|1437 | .506|1649 | .453| 1995] -421| 2376] .393] 2790] .374| 3230) .340) 3710) .310) 4222 
5.8 | .800| 759 | .735| 918 | .674|1003 | .622/1283 | .578|1488 | .540|1708 | .495| 2065| .450] 2460] .419/ 2886| .389| 3348) .363) 3840) .340) 4373 
6.0 | .861| 785 | .782| 950 | .7r7/1131 | .662|/1327 | .615/1539 | .574|1767 | .520| 2140! .470] 2545] .441| 2986] .408/ 3461) .382| 3970) .358) 4524 
7.0 |r.143|'916 |x.040|r109 | .053|1319 | .879|1548 | .817|1796 | .762|2061 | .693| 2495] .636] 2968) .586| 3484] .545| 4030) .500/ 4638] 476) 5277 
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Example: 200 gals. per min. are to be transmitted 500 ft. with an allowable loss of pressure of 50 Ibs. 
base line trace vertically to the intersection with the line for a pressure loss of 10 Ibs. per sq. in. 


per sq. in. From 200 gals. on the 
The intersection is found near the diagonal 


for 2 1/2 in. pipe which is nearest the required size. The intersection also falls near the diagonal for 12 ft. per sec. velocity showing the 


velocity to be about that figure. 
the nominal and actual diameters 


If preferred read cu. ft. on the top scale in place of gals. on 
are the same; dotted lines refer to standard pipe. 


the bottom. Full lines refer to pipe of which 


Fic. 2.—Flow of water in pipes. 


Bridgeport Brass Co. (Amer. M. ach., July 8, 1909). Large pressure 
losses are included in the scale in order to adapt the chart to pipe- 
lines for high-pressure hydraulic machine service, in which much 
larger losses are permissible than in others because, under the high 
pressures, a large absolute loss is still a small percentage loss, 


The chart represents the following formulas which were deduced 
from Ellis and Howland’s tables 


Q=2.45 VD? 
.0302 
Pa 
Q=discharge, gals, per min., 
V =velocity, ft. per sec., 
D=inside diameter, ins., 
F =friction loss, lbs. per sq. in. for e 


in which 


ach too ft. of clean 
straight iron pipe, the values given being approxi- 
mately true for V greater than 3, 


The use of the chart is shown by the example below it, 


The full lines refer to pipe of which the nominal and actual diam- 
eters are the same, while the dotted lines refer to standard pipe. 
To use the chart for extra and double extra strong pipe, determine 
the actual diameter from the full lines and then refer to Tables 14 
and rg for the pipe having its diameter nearest to that given by the 
chart. 

The friction losses given by the chart do not include those due to 
water flowing into the pipe from another vessel or vice versa, nor 
to ells or tees, for which latter see below. 

The chart may also be used in other ways. Thus if the pipe 
diameter and velocity are given, we find the intersection of the two 
diagonals Tepresenting pipe size and velocity and read down from 
their intersection to get gals. per min.; up to get cu. ft. per min.; 
and to the right to get Ibs, pressure drop per roo ft. of pipe. 

For the equation of main and branch lines of commercial pipe, 
including standard, extra and double extra strong by their actual 
inside diameters, see Index. 


The resistance of pipe fittings to the flow of water formed the subject 


_ 
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of experiments by Pror. F. E. Giesecke (Domestic Engineering, Nov. 
2, 1912). The information sought was for use in the design of 
apparatus for warming buildings by hot water and hence the fittings 


tested did not exceed 2 ins. nominal diameter and the observed 


velocities of flow did not exceed 1 ft. per sec. In spite of these limita- 
tions the experiments are the best of which the author has knowledge 
—the more so as the concordance of the results indicates that they 


-may be applied materially beyond the limits of the observations 


without sensible error. 


TABLE 14.—AcTUAL INTERNAL DIAMETERS OF ExTRA STRONG PIPE 


Nominal size, ins. BAR dias Nominal size, ins. dnivermel Cammete, 
meter, ins. ¥ ins. 

q .215 4 3.826 

3 -302 44 4.2900 

3 -423 5 4.813 

4 -546 6 5.761 

2 -742 7 6.625 

I -957 8 7.625 
1} 1.278 9 8.625 
14 I.500 Io 9.750 
2 I.939 II 10.750 
+25 2.323 I2 II.750 
3 2.900 13 I3.000 
33 3.364 tary. I4.000 


The resulting data, as related to elbows, are given in graphic form 
inFig. 3, while the accompanying table gives ratios for other fittings. 
In laying pipe-lines for flow due to gravity it should not be forgotten 
that: no part of the line must rise above the hydraulic grade line. 
That is to say, referring to Fig. 4, if ABC represents a pipe-line, then 


TABLE 15.—ACTUAL INTERNAL DIAMETERS OF DOUBLE ExTRA 
STRONG PIPE 


4 f f Internal diam- A ee . Internal diameter, 
Nominal size, ins. 5 Nominai size, ins. Zs 
eter, ins. ins. 

3 252 3} 2.728 

i -434 4 3.152 
I -599 4t 3.580 
I} 896 ‘5 4.063 
1} I.100 6 4.807 
2 I.503 7 5.875 
24 E77 8 6.875 
3 2.300 


its hydraulic grade is the straight line AC joining its two extremities, 
and no part of the pipe-line must rise above this grade. ‘Therefore, 
before laying pipes through rough country, it is necessary to have a 
profile of the ground so as to be sure that the pipe, when laid, shall 
conform to this requirement. Neglect of this indispensable condition 
will lead to an interrupted or diminished flow. 

Should the pipe at any point rise above the hydraulic grade line, 
it becomes in effect a siphon and subject to the uncertainties of a 
siphon. 


The Discharge of Water over Weirs 


By the De Laval Steam Turbine Company (except Table 17). 


There are two forms of weirs used for measuring water quantities, 
the rectangular and the triangular or V-notch weir. ‘The rectangular 
weir is generally used for measuring large water quantities while the 
V-notch weir is more suitable for smaller quantities. 

In order to obtain good results with the rectangular weir, the up- 
stream edge of the crest of the weir should be made straight, sharp 
and smooth. This is usually accomplished by constructing it with 
an iron edge beveled sharply, which edge should also form the sides 
of the weir. In order to eliminate the velocity of approach in esti- 
mating the flow over the weir, the depth of the water below the crest 
of the weir should not be less than one-third the width of the weir. 
There must be free access of air under the sheet flowing over the weir. 
The height of water over the crest should be measured by means of 


a hook gage placed several feet from the weir, where the water is 
quiet and the surface level. 


The J. B. Francis formula for rectangular weirs with two end con- 
tractions is: 


Q=3C\/2¢XlH” 
in which Q=discharge, cu. ft. per sec., 
g=acceleration of gravity, 
1=length of weir, ft., 
H =effective head, ft. 
C=a constant depending on head and length of weir as 
given in Table 16. 


TABLE 16.—COEFFICIENTS C IN FORMULA FOR DISCHARGE OF 
WATER OVER RECTANGULAR WEIRS 


Head Length (1), ft. 

Eeite 66 I 2 5 oe | aes 10 19 
al 6331 .639 -646 652 653 -654 -655 -656 
.15 HOO O25 emOsd -638 640 -640 -641 -642 
<2 -611 | .618 | .626 630 103.5 -632 -633 .| .634 
.25 -605 | .612 | .621 -624 .626 627 628 -629 
oe} -601 | .608 | .616 619 02% 623 -624 -625 


4 -595 -601 .609 SOs! -615 1627 -618 -620 
als -590 | .506 | .605 -608 611 -613 615 -617 
.6 oye] 2503 | .00T -605 -608 -O11 -613 -615 
7 -585 | .590 | .598 -603 -606 -609 -612 -614 
8 595 -600 | .604 .607 -611 -613°* 


-9 -592 -598 -603 -606. | .609. | .612 
1.0 -590 -595 601 604 -608 -_|_.611 
na 585 -591 -597 601 -605 -610 
1.4 -580 587 -594 -598 -602 -600 
1.6 582 50. 595 600 607 


Table 17 is more convenient but less accurate and may: be used 
for gaging the flow of streams. When test results are aimed at 
Table 16 should be used. 


TABLE 17.—DISCHARGE OF WATER OVER RECTANGULAR WEIRS 


The figures in the body of the table give the discharge, cu. ft. per min., for 
each inch of width and for the depths given for whole inches at the left and 
for added fractions at the heads of the columns. The depth is to be measured 
upstream above the beginning of the contraction of depth. 


Inch Ms yw 1. % 6 56 % | 4% 
I .40 47 ass .65 74 RQu lag SOgmn earos 
2 1.14 1.24 1.36 1.47 1.59 E7E 1.83 1.96 
3 2.09 2.23 2.36 2.50 2.63 Pedy £8 2.92 3.07 
4 3:22 3537 3.52 3.68 3.83 3.99 4.16 4.32 
5 4.50 4.67 4.84 5.01 5.18 5.36 5.54 S72 
6 5.90 6.09 6.28 6.47 6.65 6.85 7.05 Lhe 
a 7.44 7.64 7.84 8.05 8.25 8.45 8.66 8.86 
8 9.10 Ong 9.52 9.74 9.96 | 10.18 10.40 | 10.62 
9 TOL SOu LiOS | Ties Vel ile Wen Lene 12.00 | 12.23 12.47 
Io Toe Tul 12.95 13.190 13.43 13.67 13.93 14. 16 14.42 
II 14.67 14.92 15.18 15.43 15.67 15.96 16.20 16.46 
12 16.73 16.99 PSO) 27 52 17.78 18.05 18.32 18.58 
13 18.87 19. 14 19.42 19.69 19.07 20.24 | 20.52 20.80 
14 21,00: || 21.37 | 22.65 | @t.o4 |) 22.22) 22.55 | 22.70 te agcos 
15 23.38 | 23.67 | 23.07 | 24.26 | 24.56 | 24.86 | 25.16 ||| 25-46 
16 as.76. | 26.06. |\26<36 ).26.66 | 26.07 | 27.27 | 27.58 | 27.80 
17 28.20 | 28.51 28.82 20.14 | 20.45 29.76 | 30.08 | 30.39 
18 30.70 | 31.02 | 31.34 | 31.66 | 31.08 | 32.31 | 32.63 ; 32.96 
19 33.29'| 33.61 | 33.94 | 34.27 | 34.60 | 34.94 | 35.27 | 35-60 
20 350A) | 36.277)" 60.00' 36.04 | 37428 |-87.62 | 37706 -) 38.30 


38.65 | 39.00 | 39.34 | 39.69 | 40.04 | 40.39 | 40.73 | 41.09 
22 41.43 | 41.78 | 42.13 | 42.49 | 42.84 | 43.20 | 43.56 | 43.92 
23 44.28 | 44.64 | 45.00 | 45.38 | 45.71 | 46.08 | 46.43 | 46.81 
24 47.18 | 47.55-| 47-91 | 48.28 | 48.65 | 49.02 | 49.39 | 49.76 


° notch the formula for dis- 


For a right-angled triangular weir go 
charge is: 


Q=2.544H” 
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Notation as before. Table 18 has been computed from this 


formula. 


TABLE 18.—DISCHARGE OF WATER OVER V-NOTCH WEIRS 
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trace upward to the diagonal line for Barlow’s formula and then to 
R eke 
the left, where read 5 for the value of r The value of R being 10 


gives RoR 5s or T=2 ins. Or, using the line for Lamé’s formula, 


i Discharge, R ae eae She 
Head, ft ae BCR gals. per min. we find 55s that is, To p35 OF Fx: 
i . per min. Bp : 
oe 6 389 Professor Jenkins recommends a fiber stress of 6000 lbs. per sq. in. 
ae ay a 468 for cast-iron and 13,000 to 18,000 for steel cylinders. The former 
ee oe 18 555 figure seems rather high unless air-furnace iron be used, which, 
aad - i 86 655 indeed, it should be to avoid the porosity of cupola iron. 
a6 es 85 760 The common construction by which the radius of the closed end 
D55. : : : ; 
‘Ss oe ) go 379 of a hydraulic cylinder is made equal to the diameter of the cylinder, 
e. 2 toro 95 1000 is a mistaken application of the fact that the stress per sq. in. due to 
‘Ge 318.0 1.00 1140 internal pressure in a sphere is one-half the longitudinal stress in a 
TABLE 19.—EFFECTIVE FIRE STREAMS 
Using 100 ft. of 214 in. ordinary best quality rubber-lined hose between nozzle and hydrant or pump 
By J. R. FREEMAN, C. E. 
i | i I in. 
Smooth nozzle, size 34 in. | % = ; Tat ieee 
6 75 | 86 | 34 | 46 | 57 9 o | 91 | 37 
PPPORSMECTACTITVGLANEA TDS irae <: sarcle ni aicteccca nitions, At alane ae a sanrge-Buaa\e os . che ve rr | go. | 30. | ao code | an] sarlaet aaa ee 
Pressure at nozzle, lDsirte Peete tect teen entree teens 2 : : : : ; : ar. : sip por 7 | to bce bea eee 
Pressure lost AMET OOsiban 2 yaeilly LOSE yy erarp nats sveieuacersosee tides esa share awe 5 ; rae’ Fe Pred tek te one as |ae lect gale tee 
BVEELICAI MESON Gat Ge cteraie steve) elec otter sleet sie al.ostvokerh ai ehste, eidioseyay's! avs noevanate 48 | 60 yell ve 7 9 
ae ee 58 | 62 | 42 | 49 | 55 | 61 | 66 | 70 | 47 | 55 | 61 | 67 | 72 | 76 
HPO IZOTICeAGISLATICO A bereiaye: eters heute e .eteeis vis msiscony ahs’ aia Fa/avan ooo: Syans eye 37 | 44 | 50] 54 4 a lon ee 
Gallonsiaischarged: per) MIM ites eii0.5 si yeis eons bam Sav Gente ovetsvege Haw ce 90 |104 |116 |127 |137 |147 |123 |142 |159 |174 |188 |201 |16r | 
Smooth nozzle, size 14 in. 14in | 7 = 
5 7 7 6 I I 
Pressure at hydrant, lbs..... Bree ingest sae ee aen a otT SBF aetehann Sete e 42 | 56./ 70 | 84 | 98 are") 4g.) 65 | Sz | 97 i 129 | 58 | 7719 a 35 Ss 
FSSSUTE MIU MOZZO A IDSs testes va clcrareirae wae Mincis oN She eciicen dheker asic 30 | 40 | 50 | 60 | 70 | 80 | 30} 40 | 50! 60} 70 : 80 | 30 | 40 |] 50 o!|70 ° 
Pressure lostiin! 100 ft. 2)4-in. hose.... 0.25. .cecssescsacecvs T2126) | 20724 [e281 ee 9 | 25 | 31 | 37 | 43 | 49 28 | 37 | 46 | s6 |] 65 | 74 
Werticalehelobtrt tercmtttrernac etic set. vaeiraa sioke ancirah ay stores 52 | 65 | 75 | 83 | 88 | 92 | 53 | 67 | 77 | 85 | or | 95 | 55 | 69 | 79 | 87 | 92 | o7 
nme MMS, Bele i es ae 59 | 66 | 72 | 77 | 81 | 54 | 63 | 70] 7 81 | 85 | 56 | 66 | 73 | 79 | 84 | 88 
GRE D Byes LIAR Stee cee ee ane aR eee 238 {266 |201 |314 |336 |256 |206 |33r |363 1392 j419 |315 |363 [406 |445 |480 |514 


Hydraulic Press Cylinders and Rams 


A reaction has taken place against the high pressures (sooo to 
6000 Ibs. per sq. in.) which were favored at one time for hydraulic 
machinery. Such pressures are now used only when necessary and 
are obtained locally by intensifiers from a lower service pressure. 
When subject to free choice, the general service pressures used range 
between 1000 and 1500 lbs. per sq. in. for which, so far as possible, 
the operating machines are designed. 

The thickness of hydraulic press cylinders may be determined from 
Fig. 5 by Pror, A. L. Jenxrns (Amer. Mach., Mar. 31, 1910) which 
plots Barlow’s and Lamé’s formulas. Experiments by Professor 
Goodman, of Leeds, England, confirm the substantial correctness of 
Barlow’s formula, which is to be preferred. The extensive use of 
Lamé’s formula leads the author to include its chart line for those 
who, using it, prefer to continue to do so, and for those who wish to 
make comparisons, It should be said also that Merriman’s formula 
gives identical results with Barlow’s and that Burr’s and Lanza’s 
formulas give identical results with Lamé’s. F ollowing are Barlow’s 
and Lamé’s formulas: 


wy tke 
p=fti Barlow. 
SEP 
T=R (4/ cee) Lamé. 
in both of which $= fiber stress, Ibs. per sq. in., 
P=hydraulic pressure, lbs. per sq. in 
R=inside radius of cylinder, ins. 
T=thickness of cylinder, ins. 
The use of the chart is best shown by an example. Required 


the thickness of a cylinder 20 ins. internal dia, 


meter, subjected to a 
pressure of roo lbs. per sq. in., the fi 


ber stress on the material being 


6000 Ibs. per sq. in., giving pieced 


ae Find 6 in the base line, 


30 


- 
o 


2\InclL. Pipe 


anna ww 


~ 


co 


Length of Pipe in Feet 
Equivalent to one Elbow 


6 .7 8 910 2 3 4 


Diameter of pipe, ins, 
I~ 45 deg. elbow equals 3- 00 deg. elbow 
I~ open return bend equals 1— 90 deg. elbow 
I~ gate valve equals 3- 90 deg. elbow 
I~ globe valve equals 12— go deg. elbows 
I— tee equals 2-90 deg. elbows 


Fic. 3.—Resistance of pipe fittings to the flow of water. 
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cylinder of the same diameter. The theory of such stresses is based 
on the supposition of a complete hemisphere and is not true for lesser 


Ava, Ulio 


Pipe Line 


Grade Lin 
e 


Fic. 4.—Precaution in pipe laying. 


avoided only by making the end of the cylinder a complete hemisphere 
When necessary to save room, some designers 


as shown in Fig. 12. 
use an inside radius of three-fourths, a fillet of one-fourth the diam- 


eter of the cylinder and an end thickness equal to that of the cylinder 


walls, 
The thickness of hydraulic press rams, centrally and eccentrically 


loaded, may be determined from Fig. 6, by PRoressor JENKINS 
For centrally loaded rams, the relation 


(Amer. Mach., Dec. 8, 1910). 
is expressed by the formula: 


R iL 


a ea P 
I—~AJI-1.755 


20 | s| i 
in which R=outside radius of ram, ins., 
7. RS T=thickness of ram, ins., 
= | ek P=pressure on ram, lbs. per sq. in., 
33 /e S=stress on ram, lbs. per sq. in. 
Rs Aa : ae : ; 
% v, is This equation is plotted in the curve AB, Fig. 6. Enter the chart 
im iB 
g oe di as by the assumed value of ig? trace upward to the curve AB and then 
a ¥ 
R : Be ae 
e. to the left for the value of T when, R being known, T is quickly found. 
For pressures less than 2000 lbs. per sq. in., the chart gives values 
hal for T that are small compared with those used in practice, due to the 
fact that the assumption of central loading can seldom be made. 
3 It is, therefore, best to assume an eccentric load for which the formula 
| is: 
S I K 
Hr a = : 4 
‘ ( z) : I ( ii zs 
I—( 1-—— —(1-= 
0 
0 5 10 15 20 ag s 
Ss in which eccentricity of load, ins. 
Values of = = R 


Fic. 5.—Thickness of hydraulic press cylinders. 


the remaining notation being as in the last formula, while the 
plus sign relates to the compressive and the negative to the tensile 


segments. This application of the theory leads to bending stresses 
at the junction of the end with the barrel. Such stresses can be _ stress. 
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Fic. 6.—Thickness of hydraulic press rams. 
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Fic. 14. 
Leather ring plunger packing. 


Fic, 11. 


Fic, 16. 
Leather ring flange packing. 
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Fic. (x5. 
Rapieff flange packing. 


Fics. 7 to 16.—High-pressure hydraulic packings. 


The use of the formula is best shown by an example: 


Let | P=2000 lbs. per sq. in. 
R=5 ins., 
T=13 ins., 
eccentricity of load=1o ins., 


i 
givingk = ie =2 


Enter the chart with = = 


13 
=3 with sufficient accuracy, and trace 


to the right for the curves for K=2 and then down, finding ==8.2 


P 
for tension and 11.75 for compression, or, S =8.2X2000= 16,400 
for tension and 11.75% 2000=2 3,500 for compression. 


Hydraulic Packing 


The present tendency, for work of a rugged character, is to adopt 
the stuffing box in place of all forms of leather packing in hydraulic 
machinery. The chief reason lies in the easier renewal and the 
reduced liability of stuffing-box packing to injury from rusty and 
scored rams and cylinders. Security against injury from these 


CMU, 


Fic, 10. 


Fie, 20. 


Fics. 17 to 20.—Molds for making hydraulic cupped leathers. 


causes makes necessary the use of brass or copper linings with leather 
packings, a precaution that is not necessary with the stuffing box. 
Leather, however, still has, and probably always will have, appli- 


cation In packings for valves and in places where it can be protected 
from injury. 


Figs. 7, 8 and 9 show the cup, U and hat forms of hydraulic leathers, 
Figs. 11, 12 and 13 showing applications. Fig. 10 shows the manner 
in which the leathers fail at the bend A. In order to reduce this 
tendency it is important to shape the part against which the bend 
of the leather fits to the shape of the leather as shown in F igs. II, 12 
and 13. The depth of the packing has no effect on its tightness or 
friction and, to save unnecessary stress on the leather when forming 
it, a moderate depth is best. Pror. A. Lewis Jenkins (Amer. 
Mach., Sept. 22, 1910) gives the dimensions of Table 20 for U and 
cup leathers. 

Some constructors prefer the leather-ring form of packing to the 
cupped leather. This construction with dimensions is shown in 
Fig. 14. It has been used successfully for pressures of 6000 Ibs. per 
sq. in. Cylinder packing is turned to fit the cylinder and ram 
packing is bored to fit the ram, other dimensions being left rough. 
Multiple leathers are stitched or cemented together. The pressure 
water must be given free access to the spaces behind and below the 
ring and, contrary to what might be expected, this construction can 
only be used for pressure in one direction—double-acting cylinders 
requiring a ring for each direction of pressure. Obviously too, it 
will not make the double joint of F ig. 12. If used in this construction 
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a joint must be made under the gland flange and for this the Rapieff 
Joint, Fig. 15, is well tested and very suitable (see Rapieff joint). 
The action of the leather-ring packing is undoubtedly the same as 
that of the cupped form, that is, the pressure behind and below the 
leather forces it toward the joint, as Fig. ro. shows it to do with cupped 
packing. This makes it suitable for use as a flange packing as shown 


in Fig. 16, in which it is not pinched in place but is free to be forced 


into the joint after the manner of the Rapieff construction. 

Leather packings are usually made of hard, close-grained, oak- 
tanned leather, though some prefer Vim leather. They should be 
shaved to uniform thickness and soaked in warm water to make 
them pliable. Concensus of opinion favors the flesh side for the 
wearing side. After drying, they should be soaked for a half hour 
in warm tallow or paraffin Fig. 17 (Mechanical World, 1905) shows 
the form of the mold for cup, Fig. 18 for hat, and Figs. 19 and 20 for 
Uleathers. In making U leathers, after the first operation, Fig. 19, 
the leather should stand an hour or more when the center block is 
inserted, the middle part is forced partly back and the whole allowed 
to dry. The mold should be forced together with a vice or press, 
the use of a central bolt being inadvisable as the leather draws away 
from the hole and sometimes tears. 
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Fic. 21.—Dimensions of high-pressure hydraulic stuffing boxes. 


The proportions of stuffing boxes for high-pressure hydraulic work 
may be determined from Fig. 21 by Proressor JENKINS (Amer. 
Mach., Sept. 22, 1910). ‘The diameter of the bolts should be figured 
for a stress at the root of the thread of from 10,000 to 15,000 lbs. 
per sq. in., remembering that the studs need carry no considerable 
stress due to screwing up and that the load due to the pressure is 
only that for the ring area of the cavity. 

There is a diversity of practice regarding the shape of the bottom 
of the stuffing box and the end of the gland, some claiming that the 
taper shown by the dotted lines leads to an undue pressure against 
the ram if leakage around and outside the packing is to be prevented, 
while others claim that the flat construction requires such pressure 
of the gland as to cause the packing to harden and score the ram. 
The construction shown in the small view of Fig. 21 would seem to 
be the most logical. 


Friction of Hydraulic Cup Leather Packing 


The friction of hydraulic cup leather packing formed the subject of a 
thorough and painstaking investigation with specially constructed 
apparatus by John Hick of Bolton, England, and published in a 
pamphlet by E. & F. N. Sponin 1867. Experiments were made on 
3-, 4-, and 8-in. rams under a great variety of pressures ranging 
between 200 and 6000 Ibs. per sq. in., and showed the following 
general results: 
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The total friction increases with the pressure. 

At constant pressure per sq. in. the total friction increases in 
direct proportion with the diameter of the ram, that is to say: 

At constant pressure per sq. in. the percentage lost by friction 
varies inversely with the diameter. 

The depth of the leather does not affect the friction of the ram. 

The experiments resulted in the following formula: 

Total friction, lbs. =CXram diam., ins. pres. per sq. in., lbs. 

The value of C for new, hard, badly lubricated leathers was .0471 
and for well-lubricated leathers in good condition .0314. 

Mr. Hick concludes the account of his experiments with Table 21 
of the frictional resistance as a percentage of the total pressure on 
rams. ‘These losses seem very small but they are well authenticated. 
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Fic. 22.—High-pressure hydraulic stop valve. 


TABLE 21.—THE FRICTIONAL RESISTANCE OF CUP LEATHER 
HypRAULIC PACKING 


Diameter, inches |Friction, per cent.| Diameter, inches |Friction, per cent. 
2 2.0 12 0.33 
2 Pas8 13 0.30 
4 1.0 14 0.28 
5 0.80 I5 0.26 
6 0.66 16 0.25 
7 0.57 17 0.23 
8 0.50 18 0.22 
9 0.44 19 0.21 
10 0.40 20 0.20 
II 0.38 | 


Friction of Hydraulic Stuffing Boxes 


The friction of hydraulic stuffing boxes using braided hemp packing, 
compressed rather hard with fair lubrication and plunger condition, 
formed the subject of experiments made at the Pencoyd Iron Works, 
and reported by WALTER FErris (Amer. Mach., Feb. 3, 1898). The 
apparatus used was a hydraulic intensifier having rams of 173, 144, 
and 8 ins. diameter used in various combinations. Initial pressures 
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of 285, 335, 350 and 475 and terminal pressures of 750, 1450 and 15107 


Ibs. per sq. in. were used. 
Unlike the cup leather, the stuffing box is subject to the outside 


pressure of the gland bolts and with the gland screwed down hard 
cnough to hold high pressures, an increased percentage loss was 
naturally found when lighter pressures were used. With the packing 
compressed only enough to prevent leakage, Mr. Ferris finds the 
formula: 

Total friction, Ibs.=.2Xram diam., ins. Xpres. per sq. in., lbs. 
to fairly represent the most efficient performance to be expected 
from machines having a single ram. 

For the percentage of loss Mr. Ferris deduces from this: 


Total friction, lbs. _ ASE 
Total pressure, lbs. diam. ram, ins. 


showing the percentage of loss to vary inversely with the diameter 
and, since low pressures involve large diameters, he advocates low 
pressures, with intensifiers where necessary. 

For intensifiers, which have two rams, he deduces the formula: 


7 A—.2D 
a= pr a+.2d 


in which #;=initial pressure, lbs. per sq. in., 
p2=intensified pressure, lbs. per sq. in., 
A =area of large ram, sq. ins., 
a=area of small ram, sq. ins., 
D=diameter of large ram, ins., 
d=diameter of small ram, ins. 

Table 22 compares the results obtained with varying initial pres- 
sures under the same adjustment of the stuffing box with the results 
to be expected from this formula and brings out the progressive 
effect of an undue tightening of the gland bolts. 
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Yj 234 Standard Pipe 


TABLE 22.—FERRIS’S EXPERIMENTAL RESULTS COMPARED WITH 
His FoRMULA FOR THE FRICTION OF HyDRAULIC INTENSIFIERS 
Firrep with Hemp PAcKED STUFFING Boxes 


475 350 | 335 | 285 


Initial pressure, lbs. per sq. in........---------- 


Intensified pressure by experiment, lbs. per sq. in.| 1450 | 1510 | 1450 | 750 
Intensified pressure by formula, Ibs. per sq. in....) 1433 | 1643 | 1572 | 860 
expeceent 26k -92 o2 87 


Ratio pe od Sw ao ered gieteia vi als inane aver otal 
formula | 


High-pressure Hydraulic Valves and Fittings 


For high-pressure flange joints, see Index. 

A valve for high-pressure (1500 lbs.) hydraulic service is shown in 
Fig. 22, by Jas. CLARK (Amer. Mach., Aug. 10, 1911). 

The body B is a steel casting. The inlet and outlet are 2 ins. in 
diameter. The bushings C are 3% ins. inside diameter and were 
made from drawn brass tube ? in. thick. They are provided with 
16 inlet ports d and 16 outlet ports e, each 3X2 in. The cup seats, 
distance pieces, and screw are brass, while the stem F is soft steel, 
brass not having the requisite strength. The clamping parts and 
handwheel are cast-iron. 

The joints in the center are made tight by the use of gaskets, but 
it was not considered safe to use gaskets for the end joints; hence, 
the U cups were used instead. The bushings were made a slip-fit 
in the body. It is also necessary to have vent holes at the points 
g and h, so that in case a cup should leak, the balance would not then 
be destroyed. 

In service these valves have proven absolutely tight. 

A quick return hydraulic valve, intended to reduce the time required 
for the return stroke of hydraulic machinery, is shown in Fig. 23 
(Amer. Mach., A pr.8, 1897). The valve is used successfully in a large 
steel works under pressures as high as 4000 Ibs. per sq. in. The 
construction involves a main valve operated by the water pressure, 
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Connection 


1” Standard Pipe 
Connection 


Fic. 23.—Quick return hydraulic valve. 
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which latter is controlled by the usual small hand-operated valve 
which becomes, with this arrangement, a supplementary valve. 

The valve is attached at any convenient point, preferably directly 
to the hydraulic cylinder at a. The high-pressure water enters 
from below at 6. At the top, at orifice c, is a connection to a small 
hand valve, which controls the action of the piston d, which forms 
the head of and actuates the main valve. The water is discharged 
from the main cylinder through the valve and the opening e, the valve, 
as shown, being in position for discharging the main cylinder. 

In operation, when the water above the piston d is discharged 
by a small hand valve, the water at } forces the valve up at once, 
closing the exhaust and introducing the high-pressure water into the 


” . 
Make 1/2 wider at bottom than at top 
s’Deep 


Fic, 25.- Leather Ring in Valve 


Fics. 24 and 25.—Leather sealed valves for high-pressure hydraulic 
service. 


main cylinder. A reverse operation forces the piston d down, shut- 
ting off the water from the main cylinder, and simultaneously opening 
the exhaust via the outlet e. It will be observed that the valve is 
metal-seated, no live packing being necessary except that shown in 
the small piston d. 

A leather-seated valve for high-pressure hydraulic pump service, 
as used at the Pencoyd Iron Works under 500 lbs. pressure, is shown 
in Figs. 24 and 25 (Amer. Mach., July 14, 1808). 

A groove about + in. square, but slightly dovetailed at the bottom, 


ee ect in the face, in which is inserted the ring of leather, this ring, 


as inserted, standing slightly above the surrounding surface, but, 
of course, soon becoming flattened under the pressure until this 
projection above the surface is scarcely appreciable. Fig. 24 shows 
the construction as applied to the seat, while Fig. 25 shows it applied 
to a valve. 

This construction is practically a complete preventative of the 
tendency of high-pressure water to cut and score the valve seats. 
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Valves for high-pressure hydraulic service as used on the pumping 
engines of the Pope Tube Mills (Riedler system) are shown in F ig. 26 
(Amer. Mach., Oct. 27, 1898). The illustration shows both suction and 
discharge valves which are identical. The engine operates at 60 
r.p.m. and under 1500 lbs. per sq. in. pressure with entire smoothness, 
indicator cords under those conditions being almost entirely free 
from oscillations. The special feature of the Riedler system of valves 
is that while they are closed positively by mechanism they are opened 
by fluid pressure—air or water as the case may be. The valve seat 
will be seen to be inserted and to be held down in place by the conical 
ended pins a, while it is packed against leakage by the cupped leather 
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Fic. 26.—Poppet valve for high-pressure hydraulic service, Riedler 
system. 


b. By the aid of six webs it carries a central seat c, the opening being 
thus annular. From the seat ¢ rises the guiding stem d, on which 
the valve slides as it opens, the stop e limiting its movement. The 
valve proper f is a ring and carries above it a second ring g, having 
four cross webs hk cast in one with it, the sleeve z, also in one with h, 
surrounding the stem d. The sleeve z has a threaded cap 7 screwed 
down to a defined position, and serving on its lower side asa stop 
for the flange k, which is pressed upward against j by a strong spring /. 
The rock shaft m is the valve-closing shaft. Two disks, one of which 
is seen at m, stand one each side of the valve stem d, their simul- 
taneous action being secured by the connecting tie 0, while each 
disk carries a pin p, which, when moving downward, acts on the flange 


ee eS 
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k and closes the valve through the medium of the rae are 
first sight there would appear to be still a spring oa a ee 
point of fact the spring is only a safeguard. It is of a r He 
sufficient to cause the flange k and the sleeve a and with t = se 
valve, to move as one piece. The action is strictly mechanic . seh 
the valve moves with the mechanism as though the spring were ‘ 

there, but should a particle of foreign substance lodge under the ae os 
and so prevent its seating, or should the valve be set ee uring 
the trial adjustments, the spring would give way and prevent eee 
Without the provision of the spring, disaster might follow on slig 

Bea cite, novel feature of this valve is seen in the leather ring 4, 
placed between the valve f and the ring g. The tendency of high- 
pressure water to take advantage of any slight leak through a valve 
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Fics, 27 to 32.—Rapid and flexible hydraulic pipe connections. 


and cut the valve and seat into channels is well known, and this 
leather ring is provided to stop it. The valve is not leather packed 
in the usual sense, in that it has a metal to metal joint, being in fact 
a perfect valve from usual standards without the leather ring, which 
simply Serves to seal the joint and prevent the water from finding 
its way through any incipient leaks that may be present, and thus 
prevent grooving and channeling the valve and seat. 

Flexible hydraulic jiltings, designed originally for a testing room 
but useful in other locations, are shown in Figs. 27-32 by F, § 
BUNKER (Amer. Mach., June 22, IQIr). ee 
ling, Fig. 27, has its upper half connecte 
main-line tap while the lower half is fitte 
flexible or semi-flexible joints, Figs. 29, 
Fig. 27, it is only necessary to push t 
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housing and give it a quarter turn which seats the a 
hook H. Fig. 32 is a swivel joint which, used in pipes o 
Figs. 29, 30 and 31, makes them all universal. Fig. 28 shows a 
ee Le oe joint for hydraulic pipe work, compiled from actual 
experience, is supplied by U. PETERS (Amer. Mach., J une II, 1903) 
and shown in Fig. 33 and the accompanying table of dimensions. ‘ 

An air-chamber charging device used by the Nordberg Mig. Co. — 
connection with their large pumping engines is shown in Fig. 34 
(Amer. Mach., Mar. 26, 1903). ‘ ; ; ‘ 

The main globe casting, which is of 13 ins. interior diameter, is 
located near the water end of the engine and is connected at a with 
one end of one of the pump cylinders and at 6 with the air space in the 
airchamber. The connection at a being witha pump cylinder, thein- 
terior of the globe is subject to alternate pressure and suction. Dur- 
ing the suction stroke the globe is filled with air by the valve d, and 
during the pressure stroke this air is expelled through the valve ¢ 
and the pipe 0 to the air chamber. The valve c is introduced to 
control the ingress and egress of the water. On the one hand air 
must not enter so freely as to more than fill the globe and then escape 
to the pump cylinder, and on the other the globe must be so nearly 
full of water that the rise during the pressure stroke will expel the 
air. With free egress of the water it might easily escape in such 
volume that, opposed by the compressed air above it, it would not 
rise to a point where the air would be expelled. On the contrary, 
there is no danger of having too much water in the globe, as the return 
of the water from pipe b is prevented by the valve e, any drop of the 
water level insuring the entering of a fresh supply of air. To insure 
working conditions it is essential then that the water shall enter the 
globe more freely than it escapes from it. Valve c is therefore an 
obstruction valve only—that is, it has a hole through it for the water 
to escape. During the pressure stroke this valve opens freely and 
the water enters and expels the air, but during the suction stroke 
the water can only escape through the hole and the flow outward 
being more restricted than that inward, it is made certain that the 
volume of water escaping from the globe will not be in excess of that 
which will again completely fill it and expel the air on the succeeding 
pressure stroke. 

An air-chamber charging device for high-pressure work by Walter 
Ferris is shown in Fig. 35 (Amer. M. ach., Nov. 2,1899). Itconsists ofa 
vertical barrel of pipe, connected at the bottom with one water cylin- 
der of the main pressure pump, and ending at the top in a branch 
carrying two check valves, one inward and one outward opening. 
The connection to the main pressure pump is preferably—though 
not necessarily—double; a large pipe with a check valve opening 
toward the main pump, and a small pipe without a check valve. 
This is to partially equalize the amount of water passing from the 
main pump to the air pump under (say) 500 Ibs. pressure per sq. in. 
with the amount returning to the main pump during its suction 
stroke, at a pressure of 5 or ro lbs. Hence, during the suction 
stroke the water from the air Pump comes into the main pump through 
both the r4-in. and }-in, pipes, but it is expelled during the delivery 
stroke through the }-in. pipe only, as the check valve in the 1}-in. 
pipe closes. It is absolutely necessary to the successful working 
of this pump that it should have no appreciable clearance spaces. 
During the delivery stroke of the main pump the water must rise 
into the air pump and fill it up to the upper check valve Vo, expelling 
every particle of air. Some water goes through the check valve, 
too, but that does no harm. Then, during the suction stroke the 
valve V2 closes, the water is drawn back to the main pump, followed 
by air which enters through the check valve Vi, and which is expelled 
during the next delivery stroke. The branch carrying the two check 
valves V; and V2 is inclined, in order to prevent the trapping of air 
under the caps of the valves or in other recesses. For the same 
neenon the nipple @ is tapped into the cap } at the highest point. 
In Proportioning the pipes c and d it is also necessary to be sure that 
more water will leave the main pump during each delivery stroke 
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Fic. 33.—Dimensions of swivel pipe joints for high-pressure hydraulic service. 


than will come back during the next suction stroke. Otherwise 
the barrel of the air pump will soon be pumped dry and fail to work. 

Long suction pipes should be fitted with air chambers. It is not the 
pressure but the energy of the moving water that causes water 
hammer and, except for the increased diameter of the pipe and the 


Fic. 34.—Air chamber charging device. 


resulting reduced velocity of the water, air chambers are about as 
necessary on suction as on pressure lines. F. M. Wheeler has pointed 
out (Trans. A. S. M. E., Vol. 14) that suction chambers are frequently 
wrongly connected. The air chamber should be so placed that when- 
ever the column of water is stopped or checked by the action of the 
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Fic. 35.—Air chamber charging device for high pressures. 


pump it can flow on past the pump suction chamber or valves to the 
air chamber, so that its energy can be expended directly on the con- 
fined air. The chamber should not be so placed that the water 
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passes under or past a right angle opening into it. Mr. Wheeler 
cites Fig. 36 as a bad and Figs. 37, 38 and 39 as good arrangements. 

The siphon, although the simplest of mechanical appliances, 1s 
subject to many vagaries and frequently refuses to operate. LEr- 
CESTER ALLEN (Amer. Mach., Sept. 21, 189 3) after much experimental 


Suction Chamber 


Suction Chamber 


Suction Chamber 


Fic. 38. 


Fics. 36 to 39.—Correct and incorrect arrangements of suction 
air chambers. 


FIG. 30. 
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work, explains many of these actions and the means of overcoming 
s follows: 

eres shown in Fig. 41 is clearly inoperative. The discharge 
from the free end b is so much greater than the inflow at a that the 
liquid in the branch cb runs out, admitting air and stopping the action 
almost immediately, unless the siphon be so small that the leg cb, 
through its capilarity, holds the liquid column from breaking up. 
In general, through the effect of capilarity, small siphons will often 
work even though large ones constructed in the same way will not. 

In Fig. 42 is shown a reverse construction in which the supply end 
is made much larger than the discharge end, the latter being still 
free as before. Here the supply always being more than sufficient 
for satisfying the capacity of the discharge end, the siphon, if operat- 
ing upon a liquid entirely free from absorbed gas and non-volatile, 


Fic. 43. 


Fic, 41. Fic. 42. 
Fics. 41 to 43.—Operative and inoperative siphons. 


will be continuously operative so long as the liquid in A is maintained 
at a level that will keep the end a submerged. 

Fig. 43 illustrates how the inoperative form of siphon, shown in 
Fig. 41, may be made operative by submerging the discharge end 
in the liquid of the receiving tank B. With a non-volatile liquid 
containing no absorbed gas, the discharge of the siphon, thus con- 
structed and arranged, would be continuous, so long as both ends 
are kept submerged. 

A practical conclusion from what has been said is, that siphons 
will be more certain in their action when the supply end is larger 
than the discharge end, and when the discharge end is submerged. 
A regulating valve or cock, at or near the discharge end of the siphon, 
may be used to adjust the discharge and regulate it into proper 
relation with the supply. When this appliance is used, the pipe 
may be made of equal size throughout; and, in such case, the dis- 


TABLE 23.—PERCENTAGE OF THE ToTAL AMOUNT oF WATER SUPPLIED TO HypRaAulic RaMS WHICH IS DELIVERED 
To VARIous ELEVATIONS 


Elevation of discharge above delivery valve at ram 


Working head | rs ft. | 18 ft. | 21 ft. | 24 ft. | 27 ft. | 30 ft. | 35 ft. 40 ft past. | soft. | 6oft. | oft. | 80ft. | ooft. | x00 ft. 
PEA ee SR a 0724 | .0533 | .0402 .0307 0235 .orgr -OII2 0063 he tie ee ree (eee ss (errs Meee 
Sel Goran ae 1327 -1020 | .0807 0651 -0530 0441 -0326 -0243 -orsi Or32 .0063 OOTY Jn os <s,<s]scee ene oie eee 
4 i: Bates Yor tas cree sd oe +1535 | .1234 | .1020 | .0854 | .0724 -0560 -O441 0348 o281 .or8o OrI2 0063 0027 
Bib rnerteisioare 5 261 | tee. | ° taO4.) + ETe9' | .to2z0.] 0807 | <o652 | .0s33 |  oaar | lesey |) losso lle ee ee 
ay a ec -1686 | .1404 |] .1189 | .1020 0807 -0652 -0533 0441 0307 0217 or1so 0099 0063 
SO cuE OM creaD 3262 | .2014 | .2146 | .1800 | .1535 sega - 1063 .0870 0724 0608 O44t 0325 0243 or8o0 O132 
d s Br ec ne es 3960 | .3170 | .2614 +2203 | .1885 | .1640 .1327 . 1006 .0920 0782 0580 0441 0340 0264 0205 
aS ae 4647 | .3733 | .3000 -2614 | .2248 | .1960 -1505 -1327 .Ir2r 0960 0724 0560 0441 0351 o281 
Ny ee ae es +3572 | .3030 | .2614 | .2285 - 1868 1561 .1327 II42 0870 0682 0545 0441 0360 
Siarehs reistsieve aha 040 | .4877 +4058 +3450 | .2084 .2614 2145 1800 I : 
Pies ye pray se: *TS35 1327 1020 0807 | .06s51 0533 o44I 
t +++] 6745 | .5459 | .4549 | .3874 | .3357 » 2947 +2425 - 2041 -1746 I5t4 Ir72 0034 0760 0627 aa 
D2 tee ase eres. S, | 
a, ioe -6040 | .5043 | .4302 -3733 | .3282 .2708 .2285 . 1960 1704 1327 1063 o870 0723 0608 
s eeu eae ae -6627 | .5540 -4732 -4II2 -3620 . 2004 +2532 wae ye 1806 1483 Ir904 0083 o82r  ob6k 
sines. % -7217 | .6040 | .5166 -44904 | .3960 +3282 2780 .2305 .2000 1640 I 6 
aE SE Ura ts Meter rete 9600 | .7809 | .6543 | .s60r 4877 4303 3572 3030 61 8 ae ad vi ec ie 
Re eae i d ; é ; : . 2614 .2285 . 1800 1460 I211 1020 08 
| ere ee +6404 | .7048 | .6040 | .526 4 : 8 60 
4 4 5263 4647 +3863 .3282 2835 2482 1960 T5905 1327 Tr2r 0960 
OS ea ae ae 
eeeayesintars ects 4 9001 | .7555 | .6480 | .5650 - 4993 +4157 
CU ne a ee pho, 1s8abd ek 4157 +3535 -3058 . 2680 -2123 -1731r 1444 1223 1050 
Pre Re : ae ees +5341 »4451 +3790 -3282 - 2880 2286 1868 I56r 1327 1142 
EZoleLsiotertof allickar ett eisil ists sreierers ‘ - 7304 -0430 . 5600 . , : 
AON Bsoten baat Saease | 9086 | .7808 6823 cone con one exe ss peRD si ae sags ss 
PRES As 8 7 eee eM marae ee 9600 -8254 7ar7 ce ae ie pie Ene pre a ee aes ees a 
O36 +5340 +4561 +3960 3486 2780 2286 1920 1640 +1420 
22 ft 
SoemcneLpsTe af eV a¥-151lbctmy ave aseanet|[emPeycs abeaell dase ret 8701 7612 .67 ; 
PE EERE OMENS cect lis s-« idl teste -9150 | .8007 ae eee er pre pe Fe: ik aie. cst "ne 
24 ft sieteecareGelll< ea asalllegcnerener cm: -9600 8404 mae CaN Pas a — oe shat | aa: ee — 
ue Ss al 2 4 : -624 +5341 -4657 4007 3282 2708 2085 19060 -1704 
——__——— 
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Si si_s/| lef) Sigh s/laV soa 
24 200370 IES ELIA RASA IOLIOK ES. 
oan a wl Es = a & S) © sy Ky Sy, ci 79 : ie . xs % ASS 
39,600+— 510 oi * KS 4 oe 
28,800+— 480 Sy 
27,0001—450 e 
25,200+—420 IL a 
—28,400++0-86¢ Bl 
6-21,600-+8-3¢0 
19, 800+4-320 |_| | 
5.18,000+3.300 / 
816,200 2-979 aN 
3-14,40015 949 Ss 
3 
12,600}9-210 wal [ 
10,800/—180 aE 
9,000+—150 
7,2004—120 *| 
5,4001—90 Ii | 
3,600| 60 
co aos ait lies at a eS gol 8 1 
90% | BHp. j lst lime 
80 'Sa, 2 1019 
1%} * (0 }1 
cog] fo la 5 ig] ig) 2 
50g | oe 3 4 oat 78 910 11 12 13 1415 16 17 18 19 20 21 22 93 24 95 2b. 41 28 
40% | + joi 2| 2/45 & 7/8 9 10 1112/1314 15 16 17 1819203122 28 2495 26 27| 2829 30 81 32 33 34 85 
15, to 113 Ft. Head 
36;000+-—000 SAGA M SA SASK PAD ELEARLE LIBEL < Se OSES 
84-200+—570 \ Ry 1S SLES Ag A KOASK AGS 3% Sy 5 ey Sos BS ome De ‘Se 
82:400+—540 14 Sy RAS SY ied 
30;6001—510 
=e Bik + a 
27,000+—450 \—| 
25,200}. 420 | H : to 
$23,400 15-390 qo 
21,600 2 scot 4 ema | LY 
519,800 5.820 + ! r + 
318,000 7 300- | HE a 
= —16,200+-2-270 | 
14,4005 -240 : 1 4 saz 
12,600/—210 ty Eas 
10,800/—180 | | T ce | ae Sensi | 
9,000+—159 Chere 
7,200+—120 | |_| ia a | 
400190 | = 
3,600| 6 
epslenor Wee |) 1 2 3.4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 21 28 29 30 81 82 33 34 85 86 87 388 89 40 41 42 43 44 45 46 
90% | BHp. 2 [4] |6 “fae 4{_ [is] 18 | 20 22| [24 26 28 20 33 [eal 86 | 88 | 40 |42|_ [ad 6 | 48 | 50 |5 
80% | 2[ ja | eé [s| 19 1g us| 20 [22/24 |26 28 | 20 [82] 4 | sq $8 | 40 42! 44 | 46 [4s | 50 62| 4 [cl [58 
70% | 2| 4 ae 10 12 16 |18| 20 22 2d 26 | [28 3032 | 24 86 staal 44 a6 las! 5b b2 |54| 56 53 | eo €2 |64] 66 
60% |” 2 |4|6| 8] 10 12 [14/16] 18 20 22 [24/26] 28 2 8234 34 26 28| 49 42 bd | 46 4g 00 82 | b4 [56/53] op 62 G4 |oG|68 70 72 74 |76 
ee 24 6 § 10 12 14 16 18 20 22 24 36 28 30 22 DEE: 88 40. 42 44 ates Gy 62 64 66 68 7 7274 1] 78 80 8 84 a6 88 90 92 
40% » | 2 4/6 pupig iA 1161820 22 24 26 28 80 82 24186 38 40.42 44 46 ks5052 54 56 6860 62 64,66 68 70 72, 74] 76 78 80 £2 848CE8 90 92949098 FS = FEES an 


100, to 300 Ft. Head 
From the line for gallons per minute or hour trace to the right to the line for the head and down to the line for the efficiency of 
the pump where read brake horse-power. 


Frc. 40.—Power and capacity of water pumps. 


charge end may be left free without cessation of flow, when the liquid 
to be siphoned is non-volatile and free from absorbed gas. The 
supply end may even be smaller than the discharge end when the 
regulating valve is used. 

When the supply end of a siphon is only a little lower than the 
highest point of the bend, and when, also, the level of discharge is 


very much lower than the level of supply, if the discharge end be 
left free, and the caliber of the tube be of moderate size, the flow 
through it will be so free, and the supply will be so copious in pro- 
portion to the discharge, that, if the water flowing through the pipe 
be pure, the siphon may act satisfactorily for a long period. If, on 
the contrary, the difference of level of the supply and discharge be 


Both ee oo ; . 
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quite small, and the caliber of the tube be large, the longer leg, if the closing one end only, the se 0 lect 2 
discharge end be left free and unregulated by a valve, will be very make the siphon inoperative. On the : 
stopped, the separation of the air is necrcenae 
that siphons which are to be used intermittently should i 


apt to run out and render the siphon inoperative. It is scarcely 
necessary to add that any obstruction to inflow, such as the accumu- 
lation of silt in the supply end, or in any depressed portion of the 
tube, such as would form a trap wherein deposits of obstructive 
substances may collect, would produce asimilar result. In such cases 

a siphon, when refilled, may act for a time; but it slowly pelos V=V/ 2g(h' —h) 

inoperative provided the discharge end is not submerged, because jp | which V =velocity, ft. per sec., 

the longer leg more or less gradually empties itself. This may be k=difference of level between bend aad surface « : 
guarded against by a strainer placed over the supply end, but in supply tank, ft., 

many cases, the floating impurities in the liquid to be siphoned are j= difference of Ievdh bebe Geel alee Pe 
so fine, that any strainer sufficiently fine to intercept them might receiving tank, ft., a 
itself become a sufficient obstruction to render the siphon inoperative. g=acceleration of gravity =32.2. 


Siphons which are to operate in water containing free or unab- 
sorbed gas, should have a supply tank of sufficient size to permit The performance of hydraulic rams is subject to conditions 
the gas to rise and escape at the surface and the pipe should draw are usually unknown; for example, the adjustment of the de 
from the bottom of the tank. Dissolved air, which is always present valve. Under these circumstances no universal figures for the 
in water, has a tendency to separate under the reduced pressure formance can be given, but Table 23 (Amer. Engr., March 18, 1! 
shows what may reasonably be expected. Should the delivery | ip 


2 the bend. Under active action, it is commonly carried along 
with the water and does no harm but, if the action be stopped by _ be long, the friction head should be added to the static head. 


Diameters, 


Thickness, ins. 


7-023 
8.071 
7.981 
8.941 


10.750| 10.192 
10.750|10.136 
10.750/10.020 
II.750\11.000 


12.750|/12.090 


i2 I2.750|12.000| .375 
13 14.000|/13.250|) -375 
14 I5.000|14.250| .375 


16.000 15.250 


Bursting and Collapsing Strength of Pipe 


PIPE AND PIPE JOINTS 


TABLE 1.— DIMENSIONS OF COMMERCIAL DRAWN PIPE 
From the National Tube Co.’s Book of Standards 


Standard 


Weight per 
foot, Ibs. 


a 
a 
1 
o 
a 
c 
om 


lings 


c.- 
Ss 
s 


Threads 
coup 


mh 
oe 


-568 
.852 


1.134 
1.684 
2.281 
Pare 


3-678 
5.819 
7.616 
9.202 


10.790, 10.889 
12.538|12.642 
14.617|14.810 
18.974|19.185 


23-544) 23-769 
24.696\ 25.000 
28.554/28.800 
33 -907/ 34.188 


31.201|32.000 
34.240|35.000 
40.483\41.132 
45-557|46.247 


43-773 45-900 
49.562 50. 706 
54-568 55-824 


58.573 60-375) 


62.579\64.500 


Threads per inch. 


0 0 0 oO 02 00 00 Oo 02 00 0 0 


Go CO GO O&O 


8 


~ ‘The permissible variation in weight is 5 per cent. above and 5 per cent. below. 
ce Taper of threads is ? in. diameter per ft. length for all sizes. 


Couplings 


Diameter, 
ins. 


-562 
685 
-848 
I.024 


1.281 
1.576 
1.956 
2.218 


2.766 
3.276 
3-948 
4-591 


5.091 
5-591 
6.2096 
7-358 


8.358 
9.358 
9.358 
10.358 


II.721 
EIL.72£ 
II.721 
12.721 


13.958 
13.958 
15.208 
16.446 


}17.446 


Extended experiments on the bursting strength of pipe for the 


S_R 
pT 


_ in which S=fiber stress, lbs. per sq. in., 
P=internal pressure, lbs. per sq. in., 
R=inside radius of pipe, ins., 
T =thickness of pipe wall, ins. 


National Tube Co. by Pror. R. T. Stewart (Trans. A. S. M. E., 
Vol. 34) led the professor to advise the use of Barlow’s formula for 
all ordinary calculations, with the proviso that the fiber stress be 
obtained as explained below. Barlow’s formula is as follows: 
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Extra Strong 
The permissible variation in weight is 5 per cent. above and 5 per cent. 
below. f 
Size, Diameters, ins. *Piickaeass Weight per 
cae a ft. plain ends, 
External Internal eh eee 
t -405 BaD5 095 -314 
3 -540 -302 .1I9 +535 
if -675 +423 126 -738 
4 .840 -546 -147 1.087 
z I.050 ~742 .154 1.473 
I I.315 -957 -179 22575 
1} 1.660 1.278 -I191 2.996 
1% I.900 I.500 .200 3.631 
2 25375. 1.939 218 5.022 
24 2.875 25323 .276 7.661 
3 3.500 2.900 .300 10.252 
34 4.000 3-364 .318 12.505 
4 4-500 3.826 +337 14.983 
4t 5.000 4.290 -355 17.611 
5 5-563 4.813 +375 20.778 
6 6.625 TO -432 28.573 
7 7.625 6.625 .500 38.048 
8 8.625 7.625 .500 43.388 
9 9.625 8.625 .500 48.728 
bas) 10.750 9.750 500 54.735 
II II.750 10.750 .500 60.075 
12 12.750 11.750 500 65.415 
I3 I4.000 13.000 .500 72.091 
14 I5.000 I4.000 .500 77.431 
15 16.000 I5.000 .500 82.771 


Double Extra Strong 


The permissible variation in weight is 10 per cent. above and Io per cent. 


below. 

Size Diameters, ins. Thicbaest Weight per 
mo ; ft. plain ends, 
ins. External Internal ins, lbs. 

t .840 7252 -204 1.714 
Fs I.050 -434 _ +308 2.440 
I 1.315 -599 358 3.659 
1} 1.660 . 806 382 5.214 
1} 1.900 1.100 400 6.408 
2 2.375 1.503 . 436 9.029 
2} 2.875 1 oes Atte} 13.605 
3 3.500 2.300 .600 18.583 
3} 4.000 2.728 .636 22.850 
4 4.500 Salsa 674 27.541 
44 5.000 3.580 STL 32.530 
5 5-563 4.063 -750 38.552 
6.625 4.807 864 53.160 

7 7.625 5.875 875 63.079 
8 8.625 6.875 875 72.424 


Professor Stewart’s recommendation regarding the fiber stress is 
that it be determined from the formulas: 


(Continued on page 254, first column) 
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Dirensrons AND Weicut, Lps. PER Foor, oF LarcE SIZES OF 


DIMENSIONS AND WEIGHT OF LEAD PIPE 


aan oar ae Outside Weight Caliber, | Outside Weight 
From the National Tube Company aliber, ak per ft. : eee per ft. 
The permissible variation in weight is 5 per cent. above and 5 per cent. eae ins. Lbs. | Oz. 3 ins. Lbs. | Oz. } 
below 
as Thickness ins ie fos A g age : i‘ | 
Size ins. = -53 10 ¥.23 2 . 
56 34 % I .56 12 i.27 2 8 | 
De Oe: Weight | Weight | Weight Weight -60 I | 1.35 5) 4 
9 958 60.08 71.09 81.77 92.12 foe : 4 | gone! 4 . 
10 1034 67.59 80.10 92.28 104.13 =i Z 8 1.48 4 
TE 1134 74.26 88.11 IOI .63 114.81 Bi oe a 6 . 
12 1234 80.94 06.12 II0.97 125.49 ee 2 4% 
.80 2 8 || « 1.44 2 | 
DIMENSIONS AND WEIGHT OF STANDARD WELDED SQUARE PIPE 4 re a . sae : | 
im = : ie 
From the National Tube Company 68 12 x Aa é 
The permissible variationin weight is 5 per cent. above and 5 per cent. below -72 I | 1.67 4 
Size, ins. Thickness, Weight per foot é 4 5. 5 | 
External | Internal ins. plain ends, lbs. es 4 : oS } as : 
48 .607 / 
Vy, ai 
A ay 34 1.46 .88 4 ; 114 1.74 3 
: . 100 E25 -96 2 8 1.78 3 
I +750 mas Ties I.04 3 5.83 4 
ai .624 .188 BGT 87 5 
I | ; 
Y% 1.000 .125 1.97 58 avin 12 1.98 6 
-81 I 
14 982 ate / ees 7 
ae 34 2.05 .88 | I 8 | | i=er7 8 
.938 2150 2.29 06 = 
1M 874 188 2.48 ete % 
1}4 -750 -250 3.28 wed ce ah ) 
18 I .250 a 25) a ones - oy hee 2.00 | 4 
£33 1.06 2 12 Bas. es 
1% 1.08 3 | 2.12 | 
} I.220 .140 2055 YEA 3 8 | 
1} 1.188 156 2.78 | ees OS 
18 I.124 188 4 } [a ie 
: . 3.05 4 | | j 
ee I.000 .250 4.00 x oe he 8 ik i Pee) 
1l46 1.407 I : f : 4 | Bess = 
- -140 2.76 1.00 I . 
: j' or3 ———_— i 
t1}46 1.375 ¢ 1.03 2 | 2 | 2.18 
g .156 3.00 : : . 3 
11146 eS le .188 Bo) we et ear, (eae. > 
tie 1.187 eae ees I.10 2 aa 2.27 a 
- 1.750 125 nae oy : : 2.31 5 
1.732 wi3 j ; 2.34 6 
2 Sols 1.27 4 / 2.38 7 
a t 
; & a He —j-- | |zs|s 
: ot 2.50 
2 T.500 2 #399 ws EN x 2 
aVs 5 .250 5.40 gue : -5I 9 
.124 188 see Ls | z 2.71 Ir 
3 2.600 _200 ss 06 
DIMENSIONS A 2 
ND WEIGHT oF SEAMLESS Brass AND CoprEeR PIPE 
OF IRon Pipr Sizes D q 
: IMENSIONS AND WEIGHT OF BLocK y Pre 
From the Bridgeport Brass Company " = F - : 

Brass and copper pi imedti nsids Outside Weigh i i i 
Bees et dee oe anes in an almost endless variety of diam., diam. phy F — —— Weight 
ee inn ok ; pe of the following sizes has the same system of ins, ins. oz " “aes diam., per ft., 

; : : ins. oz. 
Size Standard iron pipe si ; é : Mo Mg 4 z : = 
same as i. ae Extra heavy iron pipe sizes 1g Sie 34 ne os nt ; 
: : . per i 34 4 ; 
iron pipe, | O.D. | LD, Thick- aha Thick. Weight per ft., 6 . Se ee 5¢ 8 
ins. ness A 2 ae Ibs. 516 sf |S 
rass || C eile | / 
V cou nervalerer - opper Brass | Copper 14 36 % | 19% Scant als 
yy -540 ons .0825 pet +2573) .100 35178 . 36002 13é9 3 / 5§ 5 
3% | 675 | . -437| 4584) .123 | .50168| .62068 i > om 56 Full oes 
5 | -494|.0005 | .6r2 63 ; Ko 5 f s 
My .840 | .625 |.1075 *9394) .127 .80288) 84224 - . 2léo 6 
, ; -OIL .9514| .t49 | r.186 Ae Full 6 | ats. 
34 1.050 | .822 |.11r40 | 1.2 4 1.1867 | 1.2449 iets | 42 Full 7 
+24 | 2.200 | .157 | t.6r73.| 1.6966 +f Sie: 7 | Me 8 
72 u 
I 1.315 |1.062 |.1265 | 1.74 eae e _—_ 8 2342 én 
14 1.660 |1.368 |.1460 | 2.56 BOF Sige oe each 5fo We Full | * aa 
14 I.900 |1.600 |. 1500 ee 3 : -194 | 3.2708 | 3.4406 Te oe = (| | ———_— cc“ 
; Bet iies eee) | aces ay +203 | 3.0604 | 4.1640 1% Sy | ae | 2462 8 
2% 2.875 2.500 |.187 A203 +227 5.4874 5.7564 aie 734 |} 254 9 
5S | 5583 6.008 .280 | 8 846 8 . 
+7937 | 8.7937 eee eS | 1346 10 
3 3-500 13.062 2190 | 8 34 | 
. .32 r3 14 
38 4.000 13.500 |.2500 {ro _ od +304 |I1.167 /11.715 ‘ Full ae —————. 
ai 4.500 |4.000 |.2500 12.30 | 12 ee '32T |13.624 |14.202 179 . ys m4 Pull 8 
4 5.000 |4. ss : 421 |/16.359 |17. s 2 
: ae p -2500 113.74 | 14.37 qe nos %{6 Scant 6 « 1 
3 c -2505 |15.40 | 16.14 %6 Full 
‘ 7 
19$9 
6.625 |6.12 : 
7 7.625 |7 nS ooh pred pics yi 4 
i +2815 |23.092 25.02 56 Full nae) 
- = 2a 12 
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. Dimenstons AND WEIGHT of STANDARD LarcE O. D. Prre 
From the National Tube Company 
The permissible variation in weight is 5 per cent. above and 5 per cent. below 
Size Thickness and weight per ft., lbs. 
OD| 4% | % (e a | 9 : 
aC SS a aa ee 116 
14 36.713|45.682] 54.568] 63.371| 72.001 80.726] 89.279] 07.748|106.134|122.654|138.842 154.605 
I5 |39.383|49.020] 58.573| 68.044] 77.431 86.734] 95.954]105 .001|114.144|/132.000|149.522|166.710 
16° |42.053|52.357| 62.570] 72.716] 82.771 92.742|102.620/112.433/122.154|141 .345|160.202/178.725 
I7 |44.723|55.695| 66.584] 77.380] 88.111| 98.749 109.304|/119.776|130.164|150.690|170.882|/190.740 
: 18 |47.393|/59.032] 70.580] 82.061] 93.451/104.757 115 .979|127.118|138.174|160.035|181.562|202.756 
20 |....../65.708) 78.590] 91.407|104.131/116.772|/120.330 I41I .804]/154.1094/178.725|202.923|226.786 
2a ataratst ste 69.045] 82.604] 96.079|100.471|122.780|/136.005 I49.146|162.204 
Bol deste ais 72.383] 86.600) 100.752|/114.811/128.787|142 .680|156.480|170 215 
BAe Ne eretetors ls shakers s 94 .6190/110.007|125.491 140 .802}156.030|171.174|186.235 
BOwisc taelars paceerakers 102 .629|119.442/136.172|152.818|160.380|185.850|202.255 
2S eeteress |e ous nis til ai sm tiene 128.787/146.852/164 .833|182.730|200.545|218.275 
SOUN aiankil's Ox sais Me elt 138 .132|157.532|176.848|106.081|215 .230|234.206 
DIMENSIONS AND WEIGHT OF SHELBY Cotp DRAWN SEAMLESS STEEL TUBING 
; Unless otherwise ordered, this pipe is supplied in mill lengths of 5 ft. and over 
< Equiv- F 
Thick- Bicet Weight, lbs. per ft. 
ness as 
B.W.G. A Outside diameter, ins. 
& deci- by 
frac Hoe 
tions | Of | 4] 58| 34 | 2 | t | 136] 14 | 196) 134] 194] 2 | 2% | 296 | 234] 3 | 3% | 346 | 334 | 4 | 4K] 48 | 494] 5 | 5% | 5% 
nch 
20 CaS boa g ste. 29) <3 1l <S6) .AT) 345) -<$0). 55 
18 049 |.24|.30| .37| .43] .50| .56] .63] .60] .76 
16 -065 |.30|.39| .47| .56|] .65| .74] .82] .or|/1.00|/1.17/1.34| 1.52] 1.60] 1.86 
14 -083 |.37|-48] .59| .70} .81| .92/1.03|1.14/1.25]1.48]/1.70| 1.92] 2.14] 2.36 
x3 +095 |.41).54] .66) -.79) .92/1.04/1.17/1.30|1.42|1.68/1.93| 2.19] 2.44] 2.60] 2.95| 3.20] 3.45 
I2 +109 |.45|.60] .75| .80/1.04|1.18)1.33/1.47|1.62|1.91/2.20| 2.40] 2.78] 3.07| 3.37| 3.66] 3.94 
Ir -120 |.49|.65] .81) .97/1.13|1.20/1.45|/1.61|1.77/2.00|/2.41| 2.73] 3.05] 3.37| 3.69] 4.01] 4.33] 4.65] 4.97 
10 -134 +70} .88/1.06/1.24/1.42|1.60|1.77/1.95|/2.31/2.67| 3.03] 3.39] 3.74] 4.10] 4.45] 4.82] 5.18] 5.53] 5.80] 6.25] 6.61] 6.06] 7.31] 7.67 
540 BESO! Us. cyebee's -99)1.20/1.41/1.61/1.82/2.03|2.24/2.66/3.07] 3.49] 3.91| 4.32] 4.74] 5.16] 5.57| 5.99] 6.41| 6.82] 7.24] 7.66] 8.07] 8.49] 8.91 
Siem LO fics oifioiscs I.13/1.38/1.63/1.88)2.13/2.38/2.63/3.13|3.63] 4.13] 4.63] 5.13] 5.63] 6.13] 6.63] 7.13] 7.63] 8.13] 8.63] 9.13] 9.63/10.13|/10.63 
V2 EZED UI Terelfieve eifie oiel- I,53|1.82|2.12)2.41|/2.70/2.99/3.57|4.16] 4.74] 5.32] 5.91] 6.40] 7.07] 7.66] 8.24) 8.82] 9.41] 9.90/10.58/I1.16)11.74/12.32 
V4 Ty as) Ue eae eee . -|2.00/2.33]2.67|3 .00]3.33|4.00|/4.67| 5.33] 6.00] 6.67] 7.33] 8.00] 8.67] 9.34]/10.00/10.67]/11.34/12.00/12.67|13.34|/14.00 
546 < £754 SRS a (ee ae -|3-13}3-54|3-96|4.79|5.63] 6.46) 7.29] 8.13] 8.96] 9.79/10.63/11.46/12.29]/13.13/13.96/14.79|15 .63/16.46|17.30 
34 SV oot. hog Ch beech ee -|3-50\4.00/4.50|5.50/6.50] 7.50] 8.50] 9.51/10. 50/11. 50/12.50/13.50/14.50/15.50/16.50/17.51|18.51/19.51/20.51 
44 Lt hee ae ee ree eer -a te } -|5-33|6.67|/8.00| 9.34/10.67|12.00/13.34|/14.67/16.00/17.34/18 .67|20.00/21 .34/22.67/24 .00|25 .34/26 .67 
54 Se Sh Oe a eres lees .]9.17|10.84|12.50|14.17|15.84|/17.50|/19.17|20.84)22.50/24.17|25 .84/27 .51|29.17/30.84|32.51 
34 RSA RE een ia Ao toll ae Besilaisy del eee cose) ts taka oil totro.'oio)| a0 eaifier ete s tistcoyay eal 'sierare. asllaco e's. 6 18 .00|20.00/22,00|24.01/26.00|28 .01}30.01/32.01/34.01|36.01/38.01 
74 eee ete ee aya e OM cate ele recut cooled ord Alaiye. dae o Places. alls: 5%, 6) anarg.arslierare eck] eae e..8 19 .84|22.17|24.51|26.84| 20.17/31 .51/33.84|36.18/38.51/40.84|43.17 
I eOEP OE ee eM Mel ate fouchated ge aiere ietere teil (ee) ato | fio,o. ots: dre =f) ayiaitens (eis ost} aca: 0i's.:6!Wsitdudieuel| ener as 21.34|24.01|]26.67|20.34 32.01/34 .67|37 .34|40.01|42 .68|45 .34|48.o1 
DIMENSIONS AND WEIGHT OF STANDARD WELDED RECTANGULAR 


PIPE 


From the National Tube Company 


The permissible variation in weight is 5 percent. above and 5 percent. below 


Size, ins. Thickness, Weight per foot 
External Internal ins. plain ends, lbs. 
4X1 -970X .720 .140 1.67 
14XI -874X% .624 .188 2.05 
14X1% I.250X1.006 waa 2.05 
I4AxX1% I.210X .960 -145 2.24 
IwxX1i4 1.188X .938 -156 2.40 
x14 Te PZAMK. O74: .188 2.85 
1%xX1%4 I.000X .750 .250 3.67 
2 X14 1.732X .982 .134 2.53 
2 X1k% I.710X1I.210 -145 3.00 
2 X1% T.624X1.124 .188 3.61 
2 X1% I,.500X1.000 .250 4.65 
24x*1% 2,210 X1.210 .145 3)..52 
24x14 2.124X1.124 .188 4.39 
246X144 2.000 X 1.000 .250 5.40 
gtx a 2.624 X1.624 .188 5.60 
Se oka 2.600 X 1.600 .200 6.00 


254 


TABLE 2.—BRITISH STANDARD PIPE THREADS 


Threads of standard Whitworth form and straight. yeas joint is 
made on the incomplete taper threads made by the die mouth. 


Nominal | Approximate Gage diam- | Number 
inside outside eter top of | Depth of Core of 
diameter diameter fread: Biren diameter threads 
pipe, pipe, ins. per inch 
ins. ins. 
; #H 383 .0230 ee 28 
} H .518 -0335 +451 19 
} # .656 0335 -589 19 
} 2 .825 +0455 +734 14 
{ pt +902 -0455 -8I1 14 
3 Ids 1.041 +0455 +950 es 
Fy 1% 1.189 +0455 1.098 we 
I ih I.309 0580 1.193 Ir 
it in 1.650 .0580 1.534 it 
1} 133 1.882 +0580 1.766 Il 
1} ou 2.116 .0580 2.000 Il 
2 24 aan 0580 2.23 tt 
24 2k 2.587 0580 BiATh II 
2} 2 2.960 0580 2.844 IT 
2} Py 3.210 .0580 3.004 IL 
3 34 3.460 +0580 3-344 Ir 
3t 3% 3.700 0580 3.584 II 
3} 4 3-950 -0580 3.834 II 
3i 4t 4.200 0580 4.084 II 
4 43 4.450 0580 4.334 II 
43 5 4.950 -0580 4.834 Ir 
5 53 5.450 -0580 5.334 II 
53 6 5.950 0580 5.834 II 
6 64 6.450 .0580 6.334 II 
7 7k 7.450 0640 Waga2 pas) 
8 8t 8.450 0640 8.322 10 
9 9} 9.450 .0640 9.322 ba) 
10 ro} 10.450 0640 40,322 10 
Ir 11} II.450 .0800 II.290 8 
12 12} I2.450 .0800 I2.200 8 
13 133 13.680 .0800 13.520 8 
I4 14} 14.680 0800 14.520 8 
I5 153 I5.680 0800 I5.520 8 
16 16} 16.680 .0800 16.520 8 
I7 17} 17.680 .0800 I7.520 8 
18 18} 18.680 .0800 18.520 8 
S =“ for butt-welded steel pipe 
50,000 » 
ies for lap-welded steel pipe 
ere for seamless steel tubes 
28,000 


for wrought-iron pipe 


in which S = working or safe fiber stress, lbs. per sq. in., 
n=factor of safety based on ultimate strength, 


Some of the results of Professor Stewart’s tests are given in Table s. 

The strength of tubes against collapsing pressure formed the subject 
of exhaustive tests by Pror. R. T. Stewart (Trans. A. S. M. Mice 
Vol. 27). Over 500 tubes, provided by the National Tube Co., were 
tested, the diameters ranging between 3 and to ins., outside, and of 
all commercial thicknesses obtainable, the material being Bessemer 
steel, lap welded. The first result of the tests was to show that the 
collapsing pressure decreases as the length of the tube increases up 
to a length equal to about 6 diameters, beyond which there is no 
further material decrease in the collapsing pressure with increase of 


length. Beyond that length the collapsing pressure is given by the 
formulas: 
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TABLE 3.—LENGTH OF CoMMERCIAL Drawn PIPE FoR 1 SQ. Fr. 
OF SURFACE 


From the National Tube Co’s Book of Standards 


i Double extra 
Standard weight ‘ ; 
3 ne Extra strong pipe enous 
y Length of Length of Length " 
% : pipe in ft. Z pipe in ft. o pipe in ft. 
g | 5 ¢ |3 er sq. ft.of |@ | per sq. ft. of 
Size a - | per sq. ft. o g per sq. 8 
Ae a 
ins. eo] a a Byes a 
“d a a o go so ao ‘a9 |-37 Z2 a9 
El3| 83) 6216 | bales |e nee 
a BS 2 ih 5s ES a Sa 
ee a a Rs/88 xilae 
g >. g 2 iS a ro) a = = Q 2 sa 
3 -405|.068] 9.431 |14.199 |.095 9.431/17.766 a Specs ce: 
3 -540|.088] 7.073 |10.493 |.I19| 7.073 12.648 AP ee oe + 
} .675|.091| 5.658 | 7.747 |.126] 5.658 9.030)....|..-++-].----- 
3 .840].109| 4.547 | 6.141 |.147| 4.547) 6.995|.204) 4.547/15.157 


2 I.050|.113] 3.637 | 4.635 |.154] 3.637 5-147|.308 3-637) 8.801 
I I.315|.133| 2.904 | 3.641 |.179]} 2.904) 3.991|.358] 2.904) 6.376 
it 1.660|.140| 2.301 | 2.767 |.101] 2.301] 2.988|.382| 2.301) 4.263 
a3 I.900|].145| 2.010 | 2.372 |.200| 2.010) 2.546).400 s 3-472 
2 2.375|-154| 1.608 | 1.847 |.218] 1.608) fr 069) . 436) 1.608! 2.541 
2} 2.875|.203| 1.328 | 1.547 |.276 328] 1.644.552) 1.328] 2.156 
ms 3.500|.216] L.00I | 1.245 |.300) I oor I.317,.600 1.091} 1.660 
33 4.000/.226 954 | 1.076 |.318 954) T 135, 636 -954, 1.400 
| ’ 

4 4.500|.237| .848 -948 |.337 848 -998) sae a 1.211 
44 | 5.000].247| .763 847 |.355 763) .890..710) .763) 1.066 
5 5.563].258| .686 756 |.375 686) 793\-750 686; .940 
6 6.625|.280) .576 -629 |.432] .576) 663 .864 576) -780 


7 7.625|.301| .500 «543 
8 8.625].277| .442 +473 |-500) .442) .500/.875 442) .555 
8 8.625|.322| .422 Be ¢ nee PS eye bee ph bebe e- 
9 9.625/.342| .396 -427 |.500 396 PVT Mpa fo pemioe | 26 mee 

} 
| 
10 10.750).279 +355 374 | sa | 355) 301 eed eee 
10 I0.750|.307| .355 yc eee ie pee Om . oa aloalad 
Io 10.750}.365| .355 SSF S5 Sones Gn eens be Joneses 
II i -7501-375| <325 347 |.500) 355] -.356 eee |. ae 
- 
12 12.750].330 209 315 |.500) 200 325).--.)++---. ey. 
12 12.750 +375) 200 -318 ae Sy bee, eat ne Daw Wes aie eee 
13 14.000] .375 «272 -288 |.500 272 2) eS, pees no 2% 
I4 15.000] .375, 254 268 500) 254 rt re Seer ene 
Is 116.000] .375 238 .250 ee .238 iy See Pee a < aie 
?\3 
P =50,210,000 (5) (a) 
t 

and P=86,6705—1386 (0) 


in which P=collapsing pressure, Ibs. per sq. i 
d=outside diameter, ins., 
t= thickness, ins. 


fd 


t 
Formula (a) is to be used when the ratio a is less than .o23 and formula 


(b) when this ratio exceeds that figure. 

The dimensions of Bessemer  sieel lap-welded tubes of a greater 
length than six diameters against collapsing pressure may also 
be determined from Fig. 1, by Proressor STEWART (Trans. 
A. S. M. E., Vol. 27). 

In order to condense the size of the chart, the curve is broken 
into two parts, XX and YY; YY being the upper portion of XX 
transferred to the left and then dropped down, the break in the curve 
corresponding to a collapsing pressure of 2080 Ibs. and a thickness 
divided by diameter of .o40. The scales for the portion XX are 
at the lower and right-hand margins, while those for the portion 
YY are at the upper and left-hand margins, 

The use of the chart is best shown by an example: Find the 
probable collapsing pressure of a tube having an external diameter 
equal to 6 ins, and a thickness of wall equal to .203 in. 


———— 


ee ea Qe) ve ee er 


a a "> 
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TABLE 4.—TEsT PrREssuRE OF COMMERCIAL DRAWN PIPE 


From the Nationaf’Tube Co.’s Book of Standards 


Standard Extra Strong 


Soees Weight per) Test pressure, ae Weight per| Test pressure, 
ae foot com- ibs. fae foot plain lbs. 
plete, lbs. | Butt Lap \ ends, lbs. | Butt | Lap 
64 +245 TOO rn feed ane t -314 OOM arereraiele 
4 -425 FOO” We oS ccia 3 -535 WOO asia. vs 
3 -568 ZOO! Sherstepaetes } -738 HOO? |nraicwies 
7 852 BOOM Greer 5 d 1.087 WOON aaie cries 
2 1.134 FOO 4 [eee chile 3 1.473 HOON | eeciare iets 
I 1.684 OO mAs Riere I 2.171 yA Wer snionod 
1} 2.281 700 I000 I} 2.906 LGOOr |hevererscsraue 
13 7ST 700 I000 13 3.631 1500 2500 
P 3.678 700 1000 2 5.022 I500 2500 
2k 5.819 800 1000 24 7.661 1500 2000 
3 7.616 800 1000 = 10.252 1500 2000 
e 3} OR ROR el Metter 2 1000 34 TAS HOS al ere sera 2000 
a gl POSS bec. sa 1000 4 Ta OSS. opie ete as 2000 
4} PQNOAB = Nene Mo aire 1000 44 ROOD, Oi tyre ers 1800 
5 TpcOLG Af amie oe 1000 5 BOC778) Wises wees 1800 
6 BORA SEE fei clovatevara 1000 6 QSc STS eal tscts 1800 
7 Fist ew REG ee | Betis ote I000 “| BSSO4S! Al senshe.ais 1500 
8 BE OOS BSc. sieiays 800 8 AZ BOO Mee tvietonats 1500 
8 BEBOG Ss sais she Icoo 9 BS DOM Were tere tere 1500 
9 SAR EOR Saas cha ets 900 pao) SAS TRS ee lee aierenerd 1200 
Io 32.000 | ares atest 600 II ODIO 753" hye A II00 
Bae) SRIOO: I ierasssete nts 800 I2 AVS cB: Vall eocseae ovis I1I00 
Io 7. & cts sel | 900 13 TAOOT “WW sce mee I000 
1I AO ZR Roasts ans 3 800 14 cg oe: ao ee ee a 1000 
1} 
12 M5 AGOO) hI > ie cari 600 15 S277 Tt abe ee 1000 
i2 50.706 |....... 800 |\In addition to the above test, on 
13 55-824 |.....-. 700 sizes +} in. to 1 in. inclusive, the 
pipe is jarred with a hammer 
14 oe Sait sleustioy el « 700 while under pressure. 
TS BOOT | binic nice Boe Double Extra Strong 
| =: Weight per| Test pressure, 
= foot plain lbs. 
ends, lbs. | Butt Lap 
3 I.714 OOM eustsustele te 
2 2.440 7 Oda steuetere. a 
I 3.659 OO! |iakorstelsrsts 
1} 5.214 A QOOI Nr sche ere 
1} 6.408 2200 3000 
2 9.029 2200 3000 
2} 13.695 2200 3000 
3 PO chs ede as reas 3000 
34 BAS O50 emia geet) 2500 
4 BH PRAT Nes ccrsselh $2500 
43 BPS ESO. Ul ecyevatinn 2000 
5 PBB 2: hens ohne 2000 
6 CASTOR Ma Mocusala 2000 
4 OF 079) Ne wen sas 2060 
8 PA VADLALS Ws rskehivatare 2000 


Dividing the outside diameter by the thickness of wall we get 


t a ri : : 
7 equal .0338. Since this value is less than .04 we look for it 


on the scale at the lower margin of the chart and then trace upward 
until the line XX is reached; then trace to the right and read from 
the scale of probable collapsing pressures 1540 lbs. per sq. in. This 
is the probable collapsing pressure for a length of 20 ft., but is also 
substantially correct for any length greater than about six diameters, 
or 3 ft. for a 6-in. tube, between transverse joints tending to hold 
the tube to a circular form. 

A second chart by Professor Stewart, Fig. 2, shows the relation 
of the probable collapsing pressure to the plain-end weight, while 
the preceding chart shows its relation to the thickness of wall. 
This chart should be used in calculations relating to collapsing pres- 


TABLE 5.—BurstTiInG Test PressurES or ComMerRcIAL DRAWN 
Pree. From the National Tube Co.’s Book of Standards 


The column marked “‘See note above’”’ gives the number burst by failure of 
material not at weld. 

C—Clavarino conditions. 

B—Birnie conditions. 


8 ‘g us 2 Bursting pressures, d|o @ ke 
o ams § “4 lbs. persq. in. xe) B Bs 
ob we [ee sla] sé 
Size, a oe a4 g g 2 5 “ ae Class of 
in. (28/89 |S6| 2 | 8 | ¢ |S] l ede) ™atenel 
gai 83 (55! 8 % & | 813) Ba 
pea Shere se abies, wider owe [REC le 
¢| 10 -405).066|11,840| 17,320|14,266|C | 1] 44,o11|Standard pipe 
+) ro 540;.085| 8,830) 14,680|/12,206/C | 1| 38,645|Standard pipe 
%| Io -675).088] 5,850| 13,030|10,330/C | 1| 39,272|Standard pipe 
3| I0 - 840]. 101|11,380| 16,310|14,038)C | 0o| 58,163;Standard pipe 
ae 3] 10 | £.050|.1009] 7,150] 9,150] 8,020/C | o| 38,657|/Standard pipe 
2 I | 10 | 1.315].131] 4,500] 8,800] 6,990/C | 0| 35,085|Standard pipe 
. it] Io | 1.660).139| 4,400] 7,300] 5,808/C | 0| 34,603|/Standard pipe 
4 It] I5 | 1.660|.140] 5,500|/11,900] 7,700/C | 1| 45,215|Redrawn 
3 I}] IO | 1.900|.143] 3,000] 6,100] 4,960/C | 0] 33,031|Standard pipe 
oe a II | 2.375|.149| 3,830] 6,060] 4,951\C | 0] 40,485|Standard pipe 
8 24%| 10 | 2.875}.198] 4,310] 5,740] 5,134/C | 0] 37,351|Standard pipe 
Rn 3 | 10 | 3.500|].204] 4,650] 6,370] 5,398/C | 0} 46,234|Standard pipe 
It] ro | 1.660).180] 7,910\14,280!10,514/C | 0| 48,922|Extra strong 
2 | 10 | 2.375|.213] 7,250] 8,040) 8,238/C | 0) 45,935|Extra strong 
2 | 10 | 2.375|.220| 6,160] 8,920] 7,661/C | 0] 41,347|Extra strong 
2 | 10 | 2.375|.445| 8,500/18,314|14,992/C | 0] 40,023|XX strong 
L General average | 41,686 
2 | 10 | 2.375|.155| 4,890] 7,940] 6,645/C | 1] 50,062|Standard pipe 
2 | I0 | 2.375|.182] 4,860|10,060] 7,361/C | 0] 47,889|Standard pipe 
3 | IO | 3.500}.210] 3,830] 8,200] 6,368/C | 7'53,560|/Standard pipe 
= 4 | 10 | 4.500].232] 4,810] 5,680] 5,249/C | 1! 51,462|/Standard pipe 
a 5 | 10 | 5.563}.258] 3,410] 5,260] 4,538/C | 1; 48,882/Standard pipe 
¢ 6 5 | 6.625].275| 2,450] 5,210] 4,088/C | 0} 49,286|/Standard pipe 
x 6 5 | 6.625|.275| 3,170] 4,760] 3,666|B | o' 44,106|Standard pipe 
x) 4 10 5 |I0.750].349] 3,560] 4,730] 4,290|/C | 1 66,080|Standard pipe 
Z Bae) 5 |10.750].347] 2,770] 3,040] 3,306/B | 2 52,692|Standard pipe 
2 2 | ro | 2.375|.218] 2,500] 9,870] 7,909/C | 0; 43,254|Extra strong 
n 2 | 10 | 2.000].108] 5,100] 6,560] 6,062|C | 7| 55,607| Boiler tubes 
3 | Io | 3.000].112] 3,220] 4,860} 3,967/C | 1] 52,057|Boiler tubes 
4 5 | 4.000].135] 3,640] 4,070] 3,840/C | 2] 56,078) Boiler tubes 
4 5 | 4.000].136] 3,720] 4,040] 3,014|B | 1) 57,440|Boiler tubes 
General average | 52,225 
2 | 10 | 2.000].098] 5,420] 6,590] 6,052/C |10| 61,530| Boiler tubes 
g 2 3 | I0 | 3.000].112| 3,940] 4,730] 4,272|C |10| 57,075 Bioler tubes 
fe 4 6 | 4.000].134] 4,160] 4,440] 4,318/C | 6] 64,450|Boiler tubes 
2 4 4 | 4.000].134] 4,250) 4,440] 4,328|B| 4| 64,488|Boiler tubes 
RQ General average | 61,886 
4 ri] 10 | 1.660|.136] 2,880] 6,290| 5,283/C | 3| 32,126|Standard pipe 
Bt ti] 10 | 1.660|.136] 3,640] 5,680) 4,801\C | 1| 20,817|Standard pipe 
oS 2 | 10 | 2.375|.156] 2,930] 4,250] 3,687/C | 2| 28,o51|Standard pipe 
° 14] ro | 1.660].188] 2,770] 7,330] 5,895|C | 1] 26,678/Extra strong 
— General average | 20,168 
as | 2 | ro | 2.375|.152] 2,400] 3,940] 3,213/C | 1 25,122|Standard pipe 
pik 2 | 10 | 2.375|.207] 5,530| 7,120] 6,349|C | 8] 36,461|/Extra strong 
gg General average | 30,792 
=) 
Lal 


sure when the plain-end weight is either given or required, while 
the preceding chart should be used when the thickness of wall is 
given or required. 
Example.—Find the probable collapsing pressure of a 6% 
(7 O. D.) in. casing whose plain-end weight is 17 lbs. per ft. 
Dividing the plain-end weight in lbs. per ft. by the square of the 


w 


outside diameter in in., we get qe equal .347. Finding this value 


on the scale at the lower margin of Fig. 2 we trace vertically until 
the line XX is reached, then horizontally toward the right and read 
1525 lbs. per sq. in. as the probable collapsing pressure required. 

While this value is for a 20-ft. length of tube, as in the preceding 
chart, it may be used without substantial error for any length greater 
than about six diameters, or in this case 3} ft., between joints 
tending to hold the tube to a cireular form. 
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Seale for Y 
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Thickness Outside Diameter 
Fic. 1.—Plotted in terms of thickness. 


Scale for Y 
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Seale for Y _ : 
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Fics. 1 and 2.—The strength of Bessemer steel tubes against collapsing pressure. 


Professor Stewart’s paper contains the following observations: 
The apparent fiber stress under which the different tubes failed varied 
from about 7000 lbs. for the relatively thinnest to 35,000 lbs. per sq. 
in. for the relatively thickest walls. Since the average yield point 
of the material was 37,000 and the tensile strength 58,000 lbs. per sq. 
in., it would appear that the strength of a tube subjected to a fluid 
collapsing pressure is not dependent alone upon either the elastic 
limit or ultimate strength of the material constituting it. 

The experiments show that the element of greatest weakness in 
a commercial lap-welded tube is its departure from roundness, even 
when this departure is comparatively small, as was the case with 
the tubes tested. The thinnest portion of wall, while in itself an 
element of weakness, is wholly subordinate to out-of-roundness in 
its influence upon the collapsing strength of commercial lap-welded 
tubes. 


The weld is not an element of weakness for tubes subjected to 
external fluid pressure, 


The factor of safety, he concludes, should be determined from the 
following considerations: 

For the most favorable practical conditions, namely, 
tube is subjected only to stress due to fluid pressure 
most trivial loss could result from its 
three would appear sufficient. 

When only a moderate amount of loss could result from failure 
use a factor of four. 

When considerable damage to 
sult from a failure of the tube, 

When the conditions of serv 


when the 
and only the 
failure, a factor of safety of 


property and loss of life might re- 
then use a factor of safety of six, 
ice are such as to cause the tube to 


become less capable of resisting collapsing pressure, such as the thin- 
ning of wall due to corrosion, the weakening of the material due to 
over-heating, the creating of internal stress in the wall of the 
tube due to unequal heating, vibration, etc., the above factors of 
safety should be increased in proportion to the severity of these 
actions. 

Additional experiments on ithe strength of tubes against collapsing 
pressure were made by Prors. A. P. Carman and M. L. CARR 
(University of Illinois Bulletin, 1906). These experiments relate 
more especially to drawn brass and to cold-drawn seamless steel 
tubes. They confirm Professor Stewart’s conclusion that the in- 
fluence of the length on the strength ceases at about 6 diameters. 

The dimensions of drawn brass and of cold-drawn seamless steel 
tubes of a greater length than 6 diameters against collapsing pres- 
sure may be determined from Figs. 3 and 4, which are from the 
published record of these experiments. The charts are to be used 
in the same manner as Professor Stewart’s charts for lap-welded 
Bessemer steel tubes. 

The bursting strength of cast-iron elbows and tees formed the subject 
of a series of tests at the Case School of Applied Science by S. M. 
CHANDLER (A mer. Mach., March 8, 1906) and the results are given in 
Table 6. Three samples of each size were tested and the individual 
and average results are given. 


Equation of Pipes 


For the equation of pipes, that is, finding the number ot small pipes 
having the same frictional resistance as one large one, the most 


PIPE AND PIPE JOINTS 


1S 
| 
- 
| 
[areal 


HHH 


g 


g 


$s 
Ss 


g 


Collapsing Pressure, Lbs. per Sa. In, 
lel 


1000 


it 


OL 02 .03 .04 .05 A .07 
Thickness + Outside Diameter 


Fic. 


TABLE 6.—BURSTING STRENGTH IN LBS. PER Sq. IN. oF STANDARD 
ScREWED GRAY IRON ELBOWS AND TEES 


-—The strength of drawn brass tubes against collapsing pressure. 


Size Elbows siphia | ee Tees nes 
age age 

24 3500 | 3200 | 3400 | 3400 It | 3400 | 3300 | 3300 | 3333 
3 2400 | 2600 | 2100 }| 2500 13 3400 | 3200 | 2800 | 3300 
34 2100 | 1700 | 2400 | 2250 2 2500 | 2800 | 2500 | 2600 
4 2800 | 2500 | 2500 | 2600 24 2400 | 2100 | 2500 | 2450 
44 2000 | 2600 | 2600 | 2600 3 1400 | I900 | 1800 | 1850 
5 2600 | 2500 | 2500 | 2533 34 1200 | 1500 | 1800 | 1650 
6 2600 | 2200 | 2300 | 2367 4 1800 | 2100 | 1700 | 1867 
7 1800 | 2100 | 1900 | 1950 44 II00 | 1400 | 1400 | 1400 
8 1700 | 1600 | 1700 | 1667 5 1700 | 1300 | 1500 | 1600 
9 1800 | 1800 | 1900 | 1833 6 1400 | 1500 | I100 | 1450 
10 1800 | 1700 | 1600 | 1700 7 I400 | 1400 | 1500 | 1433 
12 II00 | 1200 900 | II50 8 1200 | 1400 | 1390 | 1350 
9 1300 | 1400 | 1200 | 1300 

| | ae) I100 | 1300 | 1200 |} 1200 

| | | | 12 1100 | 1000 | 1100 | 1067 


accurate formula, according to Pror. G. F. Grsuarpt (Power, 
June, 1907) is: 


d*\/ dy + 3.6 
ee 
d13\/d + 3.6 
in which d=diameter of larger pipe, 
d,=diameter of smaller pipe, 
n=number of small pipes equivalent to one large one. 
Table 7 has been calculated from this formula. The table gives 


the equation of standard drawn pipes, and of pipes of which the 
ila 
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Fic. 4.—The strength of cold drawn steel tubes against collapsing 
pressure. 


nominal and actual diameters are the same. Instructions for use 
are given above the table. 

The equation of extra strong and double extra strong pipes is given 
in Tables 8 and 9 by H. D. Nitchie, an engineer of the Watson Still- 
man Company (Power, Aug. 3, 1909). Instructions for use are given 


above the tables. 


Cast-iron, Riveted and Copper Pipe 


The thickness of cast-iron pipe, in the smaller diameters, is de- 
termined chiefly by the foundry consideration of the least thick- 
ness which it is desirable to cast. A critical examination of existing 
formulas and prevailing practice was made by P. H. Baerman in a 
paper read before the Engineers’ Club of Philadelphiain 1882. The 
resulting formula for the least thickness was: 


Thickness, ins. =.3 in.+.o15 X diameter, ins. 


For water pipe this gives an excess of strength for heads up to 
300 ft. and diameters up to ro ins. For cases beyond those condi- 
tions Mr. Baerman gives the formula: 


Thickness, ins. =.coors X head, ft. diameter, ins. 


The ultimate strength of cast-iron is taken at 18,000 lbs. per sq in. 
and the factor of safety at 123. For any given case the thickness 
should be calculated from both formulas and the greatest resulting 
thickness be used. 

The dimensions of the American Water Works Association standard — 
cast-iron pipe are given in Tables ro and 11, of the Abendroth and 
Root spiral rivited pipe in Table 12, of Abendroth and Root flanged 
fittings in Table 17 and of the Pelton Water Wheel Co.’s riveted 
hydraulic pipe in Table at. 

The thickness of copper pipe to withstand internal pressure accord- 
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TABLE 7.—THE EQUATION OR EQUALIZATION OF PIPES 


Z a 
Follow the line for one size of pipe to the column for the ae bai el : 
lent to one large one. Use the upper right-hand portion of the table for s 


which the nominal and actual diameters are the same. 


t the intersection give the number of small pipes equiva- 
drawn pipe and the lower left-hand portion for pipe of 


Standard Drawn Pipes 


I sq, | 35 | 760) x7 aes 
Mkts Poets ta ts les ota s fol | ee 
ae - »707| 2, 3,01 fF i ’ ’ ? ; 

Dia. | ie 4.88 |15.8 |31.7 |52-9 |96.9 |205 |377 |620 |o18 ee ae aps eaae 7,668| 236s] 2 Sxsta.c56 3,761| 4,282] 3 
2 é 2.05 | 6.97 |14.0 |23.3 |42.5 |90.4 |166 |273 |405 cl g8ol s36 Gagl’ Sxal deepal eiedsh cetel aaeeeenanel 
¢ 2.60 : : Se Mee beta gf 4 7 ma 
I 7-55 | 2.90 ak iad read pte Bes 3-8 |30.2 |s8.x |8r.7 | 1x2] 157} 190| 239} 310] 375] 463 oe 

; 26 -34 | 6.13 |13.0 |23. : : : 155] 187] 231] 2 307; 2 
1} aie ee pee ae I os 3.06 | 6.47 |rr.9 |19.6 |29.0 |40.8 |55.8 |78.5 |95.1 | 119] 155 
2 54. 21. 5 6 . 
i II2} 138) 161} 184) 24 
8 3.87 | 7.12 |11.7 |17.4 |24.4 |33.4 |47.0 |56.9 |71.5 |92.6 é 3 | 
2} 102/39.4 |13.6 | 4.23 | 1.87 1.83 : 6.39] 9.48/13.3 |20.9 |23.7 [31.2 |39.1 |50.6 |61.1 |75.5 |88.0 i 
3 170/65.4 |22.6 7403) Ser || 1200 2.12 Bes shes er ad a ee irs. 33.6 Into bee Ge eee . 
4 376 144149.8 [15.5 | 6.87 | 3.67 | 2.21 1.84 =e ph 3.43] 4.60] 6.60} 8.eolvene-lnavs [ec 9 oan . 
5 ono AS SCTE de rte ak ee aes 1.63 1.48 2.09| 2.85| 4.02) 4.86] 6.11] 7.91) 9.56)17 8 [13.8 |15.6 6 
“5 c : 4 : 
6 I,116 429 I48|/46.0 |20.4 |10.9 
DaiSt I.41| 1.93] 2.71] 3.28] 4.12] 5.34] 6.45] 7-97] 9.31\10.6 “i 
7 1,707] — 656 226/70.5 |31.2 ae 10.0 wr bie ae =e t.a5| 1.031 2.931 4.091 4.901 alee) 5d ae 
6 22 IOI44.5 |23. 14.3 . : ° C fos =a = El 5 ea 
i Bass coe a 137|60.8 132.5 |19.5 | 8.85 | 4.85 | 2.98) 1.95 en aes 1.41 a ees ae a tee ie eae, Fe 
j é 2.57| 1.80] I. ° 4 : . - ? 

10 B75 93) O88) 5 582) 181/80.4, 142.9) 125.8 eo Mok cok 3 i 2.32| 1.70] 1.28 1.26] 1.63] 1.88] 2.43] 2.83] 3.22] 12 

[I 5,642] 2,168 747 233 103/55-I |33.1 s : : 

4 -57| 1.93] 2.26] 2.58] 12 
8. Io. 6.34] 4.15] 2.91] 2.13] 1.61] 1.26 t.30| 2.57 

12 7,087] 2,723| 938] 293 lial a ea Bop 7.75) 5.07] 3.561 2°60) c.981 x5 aes I.21| 1.49] 1.74] 1.98] 13 

a eae ac s a aie a 2862) E54 9.48] 6.21] 4.35] 3.18] 2.41] 1.88] r.50| 1.22 .24| 1.44] 1.64] 14 

a = ales eal aera a ae 3.3 34.1 18.7 |II.5 | 7-52] 5.27] 3.85] 2.92) 2.27] 1.81] 1.48] 1.21 1.17} © 35} 15 

ee on ig ead eaieas fe a ale. : 8.78) 6.1 51) 3.41} 2.66) 2.12] 1.73] 1.42] 1.18 1.14) 16 

16 14,978] 5,758] 1,984 619 274) 146/88.0 |39.9 |21.8 |13.4 Et} -15| 4. - 

3 ‘ 2.47| 2.03] 1.66) 1.37] 1.17 
20 171 103/46.6 |25.6 |15.7 |10.3 | 7.20| 5.27] 3.90] 3.11 3 
es ee ae as o) 198 II9|/54.E 29.6 |18.2 |11.9 | 8.35] 6.11] 4.63] 3.60] 2.87| 2.35] 1.02 1.50] 1.36) 1.16 
: ‘ ; 8) 1.52 
3 é 6.07] 4.73] 3.76] 3.08] 2.52] 2.08] 1.7 5 
+532] I,to02 87 260 157|70.9 |38.9 |23.9 |15.6 |10.9 | 8.02 

if ne ia Spee 1,761 er 416 250 113/62. 38.2 |25.0 |17.5 |12.8 | 9.70] 7.55] 6.01] 4.02 4.02 apot 2.84] 2.43 
; : : : 7 4 5.88) 5.0, -30) 
30 75,453| 28,990] 9,990] 3,117] 1,378] 736] 443] 201 T10/67.6 |44.2 |31.0 |22.7 |17.2 |13.4 |10.7 | 8.72] 7.14] 5 5.03) 4.3 
7 7| 8. 6.8 
36 120,100] 46,143] 15,902] 4,961] 2,193] 1,172 705 319 I75| 108/70.4 |49.3 |36.1 |27.3 |21.3 |16.9 13.9 |I1I.3 | 9.37] 8.01 5 
42 177,724) 68,282] 23,531] 7,341] 3,245] 1,734] 1,044 473 259) 159) 104/73.0 |53.4 |40.5 |31.5 [25.1 |20.5 |16.8 |13.0 ao 10.1 
: ; 5 23.5 2 3 a 

48 249,351/ 95,818) 33,020] 10,301] 4,554] 2,434] 1,465 663 363} 223} 146] 102/75.0 156.8 |44.2 |35.2 |28.8 23.5 |10.4 |r 14 
Dia. 3 2 I 14 2 2} 3 4 5 6 7 8 9 Bae) II 12 13 14 I5 16 17 


Actual Internal Diameters 


ing to the rules of the U. S. Board of Supervising Inspectors of Steam- 
boats may be determined from the formula: 


ee + .0625 


in which ¢= thickness, ins., 
~= working pressure, Ibs. per sq. in., 
d=inside diam. of pipe, ins. 

The bursting strength of lead pipe under cold water pressure may 
be calculated for a tensile strength of 1740 Ibs. per sq. in., the usual 
factor of safety being five. Lead looses its strength rapidly under 
moderate increase of temperature—even to that of boiling water— 
and for hot water service, using the same nominal value for tensile 
strength, the factor of safety should be doubled. 


Standard Pipe Flanges and Fittings 


Tables 13 to 16 give the dimensions of standard pipe flanges and 
fittings according to the report of the A. S. M. E. committee as 
revised in 1914. The following explanatory notes apply: 

(a) Standard and extra heavy reduc 
sions center to face as regular elbows 

(b) Standard and extra heavy tees, crosses and laterals, reducing on 
run only, carry same dimensions face to face as largest straight size, 

(c) If flanged fittings for lower working pressure than 125 lbs. are 
made, they shall conform in all dimensions except thickness of shell,. 
to this standard and shall have the guaranteed working pressure cast 


on each fitting. Flanges for these fittings must be of standard 
dimensions. 


(d) Where long radits fittings 


ing’ elbows carry same dimen- 
of largest straight size, 


are specified, it has reference only 


to elbows which are made in two center to face dimensions and to be 
known as elbows and long radius elbows, the latter being used only 
when so specified. 

(e) All standard weight fittings must be guaranteed for 125-lb. 
working pressure and extra heavy fittings for 250-lb. working pres- 
sure and each fitting must have some mark cast on it indicating the 
maker and guaranteed working steam pressure. 

(f) All extra heavy fittings and flanges to have a raised surface 
of }¥¢ in. high inside of bolt holes for gaskets. 

Standard weight fittings and flanges to be plain faced. 

Bolt holes to be 1¢ in. larger in diameter than bolts. 

Bolt holes to straddle center line. 

(g) Size of all fittings scheduled indicates inside diameter of ports. 

(hk) The face to face dimension of reducers, either straight or 
eccentric, for all pressures, shall be the same face to face as given in 
table of dimensions. 

(i) Square head bolts with hexagonal nuts are recommended. 

For bolts, 15¢ in. diameter and larger, studs with a nut on each 
end are satisfactory. 

Hexagonal nuts for pipe sizes r in. to 46 ins., on 125-lb. standard 
and 1 in. to 16 ins. on 250-lb. standard can be conveniently pulled 
up with open wrenches of minimum design of heads. Hexagonal 
nuts for pipe sizes 48 ins. to 100 ins. on 125-lb. and r8 ins. to 48 ins, 
on 250-lb. standards, can be conveniently pulled up with box or 
socket wrenches. 

(j) Twin elbows, whether straight or reducing, carry same dimen- 


sions center to face and face to face as regular straight size ells and 
tees. 


Side outlet elbows and side outlet tees, 
whether straight or reducing sizes, carry 
same dimensions center to face and face 
to face as regular tees having same reduc- 
tions. ¢ 

(k) Bull head tees or tees increasing on 
outlet, will have same center to face and 
face to face dimensions as a straight fit- 
ting of the size of the outlet. 

(2) Tees and crosses 16 in. and down, 
reducing on the outlet, use the same dimen- 


- sions as straight sizes of the larger port. 


Size 18 in. and up, reducing on the outlet 
are made in two lengths depending on the 
size of the outlet as given in the table of 
dimensions. Laterals 16 ins. and down, 
reducing on the branch, use the same 
dimensions as straight sizes of the larger 
port. 

(m) Sizes 18 ins. and up, reducing on 
the branch, are made in two lengths de- 
pending on the size of the branch as given 
in the table of dimensions. 

The dimensions of reducing flanged fit- 
tings are always regulated by the reduc- 
tions of the outlet or branch. Fittings 
reducing on the run only, the long body 
pattern will always be used. 

Y’s are special and are made to suit 


conditions. 


Double sweep tees are not made reduc- 
ing on the run. 

(n) Steel flanges, fittings and valves are 
recommended for superheated steam. 

Pipe Joints 

The common gasket joint is a constant 
source of trouble and a poor thing at best. 
When. used; its security will be greatly 
increased if the gasket does not extend 
beyond the bolts. Still greater security 
may be obtained by facing the flanges 
slightly concave, with which construction 
the gasket must be entirely within the bolts. 
The types of joint shown below apply to 
most conditions and should be used in 


preference to the common construction. 
(Continued on page 262, first column) 
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TaBLE 8.—THE Equation or EQUALIZATION oF ExtRA STRONG PIPE 
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Follow the line for one size to the column for the other and at the intersection find the 
number of the smaller pipes equivalent to one of the larger 


Eipew et aimee ? t I mee ls 2 24 3 34 4 44 5 6 | Pipe 
size || in. |- in. in, in. in. ins. | ins.| ins.] ins. | ins. | ins,| ins. | ins. ins. ins. | size 
Int. Int. 
anata -068] .139 | .231] .452] .71 |1.271 I. 753|2.935/4.209/6.560/8.856/11.45|14.18 18. 193)25.97 ae 
Ins. Tas 
4 I |2.05 | 3.4 | 6.7 | 10.4/18.8 |25.8 | 43. | 62. |06.5 |130. |168.5|208 267. |382. “4 
; I |1.66 }3.26 | 5.1 | 9.2 |12.6 |2z.1 |30.3 |47.3 |63.8 |82.5 |102. | 131. |186. 3 
$ I |I.96 |3.08 | 5.5 | 7.6 |12.7 |18.2 |28.4 138.4 147.5 |61.5 | 78.8 |112. 5 
3 I /1.57 |2.82 | 3.9 } 6.5 | 9.3 |14.5 |19.6 |25.3 |31.3 | 40.2 |57.4 4 
I Tt |1.79) 2.47 |4. 74 15.93 |O-25 |52.5) (16.0 | Zo 25.6 |36.5 I 
1} I {1.38 | 2.3 |3.3r |5.16 |6.06 | 8.4 |1r.1 | 14.3 |20.4 1} 
1} t |r.67 F 2.4 |3.74 |5.05|6.54 | 8.1 | to.4 |r4.8 1} 
2 I |1.43 |2.24 13.02 ]3.91 |4.84 61.2) |) Sid 2 
2} T) i501 \'2. 0-12.72) 3 .300\ea esr 1Onms 2} 
3 I HesS) (Gers eto We ses 95 Ai 
33 t \n.2o | 1.6 | 2.05 |2102 34 
4 I I.24°| 1.59 |2.26 4 
4} I 1.28 |1.83 44 
5 I 1.37 5 
6 I 6 
|2 in. | } in. | din. | in. |x in. |z4 ins|r} ins|2 ins.|24 ins|3 ins.|3} ins| 4ins.|4% ins| 5 ins. | 6 in. | 
TABLE 9.—THE EQUATION OR EQUALIZATION OF DouBLE ExTRA STRONG PIPE 
Pipe | 7% 3 i I ry WN Be; 2 24 3 33 4 | 43 5 6 | Pipe 
size | in. in. in. in. | ins. | ins. | ins. | ins. | ins. | ins. | ins. | ins. | ins. | ins. | size 
Int. Int. 
Aiea -042] .047] .139] .271| .615| .93 |1.744/2.419]4.097|5.79417.724| 10 |12.96|18.66 an 
Ins. | Ins. 
2 EP iTer2013-32 |6.45 (T4606 22.2) |4n.5 (5755 195.0) ] 137 | T8424 | 236: 308: ) 444 Fy 
; VI 2.OO Ses 7 eset | LOe S7eenlac. 5 87 | 123° |) 164, || 273 |) 276.308 3 
i Pe ts95 1 4e43i On 7t2. Sait7.4. 120.4 4020) (5525) 72) Ose 5 mcs 4 alien 
I I 2.27) 3.42] 6.45] 8.95|15.1 |21.4 |28.5 |37 47.9 69 I 
I 1.51] 2.84] 3.94] 6.65] 9.4 |r2.5 |16.3 |21.2 }30.4 | ‘rt 
1} 
13 I 1.88] 2.6 | 4.4 | 6.21] 8.3 |10.8 |14 20] 13 
2 I Z.39)| 2.34] 3-31 4.42] 5.74] 7-45|20.7 | 72 
24 I 1.69] 2.39] 3.19] 4.2 | 5:33! 7.72) 23 
3 : PAT 1.88) 2.44) 3.26) 4.5513 
I 1.33] 1.73] 2.24] 3.22| 34 
34 
4 I ¥.3| 2.68] 2.45) 74 
43 I 3 | cS uae 
5 I 1.44] 5 
6 I 6 
\% in.| 4 in.| 2in.| x in. |1} ins|1} insl2 ins.|2} ins|3 ins. |34 ins|4 ins.|4} ins|5 ins.|6 ins 


TABLE 10.—AMERICAN WATER WoRKS ASSOCIATION STANDARD CAST-IRON Pipe FOR Fire LINES AND OTHER HIGH-PRESSURE SERVICE 


Adopted May 12, 1908 


The weights are per length to lay 12 ft., including standard sockets; proportionate allowance to be made for any variation. 


inal Class E, 500-ft. head, Class F, 600-ft. head, Class G, 700-ft. head, Class H, 800-ft.head, | Nominal 
es 217 lbs. pressure 260 lbs. pressure 340 lbs. pressure 347 lbs. pressure | msde 
insiae - : | : 
diameter, Thickness, Weight per Thickness,| Weight per Thickness,| Weight per Thickness,| Weight per diameter, 
ins. ins. Foot | Length ins. Foot Length ins. Foot | Length Ins. Foot | Length | Ets: 
| 
6 -58 Arst 500 -61 43.3 520 65 47.1 565 .69 49.6 595 | 6 
8 | -66 61.7 740 aan 65.7 790 +75 70.8 850 .80 75.0 900 1 8 
5 de) -74 86.3 1035 .80 92.1 II05 .86 100.9 I210 .92 106.7 1280 | 10 
12 82 113.8 1365 89 522.2 1465 -97 res.i4 1625 1.04 143.8 r725 | I2 
14 -90 145.0 1740 -99 ESF S 1890 I.07 174.2 2090 1.16 186.7 2240 I4 
16 98 179.6 2155 1.08 195.4 2345 1.18 219.2 2620 1 ae be 232.5 2790 16 
18 1.07 220.4 2645 t.27 238.4 2860 1.28 267.1 3205 1.39 286.7 3440 18 
20 ToLs: 263.0 3155 1527 286.3 3435 1.39 320.8 3850 apt 344.6 4135 20 
entoeina 2 
24 rest 359.6 4315 1.45 392.9 Per TR ame eteteraterars to cis |x ia) alefstoterel| (ta lere oe «|| hareuwsoponaicsn ons fillocninysxers.0,0 “ 
30 1.55 Roney 6260 ©. 73 585.4 Hot We sGunsuedallotiprbec lao omscicol || boc-o on ogy} jamb 5.0 haromro, irc 2 
36 1.80 725.0 8700 2.02 820.0 SAGE | | oleie stare terese oi] aio) aie @ ete Were rege te es cl line ecapesiodovs vore||eire ware dot e dois nis lous ats 
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TABLE I11.—AMERICAN WATER WORKS ASsocIATION STANDARD CAST-IRON PIPE 


Adopted May 12, 1908 


, including standard sockets; proportionate allowance to be made for any variation. 


The weights are per length to lay 12 ft. 


= Game Class A, r00-ft. head, Class B, 200-ft. head, Clase: Cr s00-1t Beka Cos 0 
oe 43 lbs. pressure 86 lbs. pressure 130 lbs. pressure 173 lbs. pressure | inside 
eetcel Tice. Weight ver Thickness,| Weight per Thickness, Weight per Thickness, Weight per diameter, 
vy a. Foot) Length aes Foot | Length ins. Foot | Length ins Foot | Length ins. 
4 42 20.0| 240 45 21.7 | 260 ae gS ae shee igh WL : 
6 144 30.8 | 370 .48 33-3 | 400 +51 35.8 430 ee ts Ace : 
3 KG 42.9 515 51 47.5 570 .56 ‘S225 625 -60 55.8 670 8 
os 6 cee 685 57 63.8 765 -62 70.8 850 -68 76.7 920 10 
12 +54 B08 870 -62 82.1 985 -68 91-7 EAI 75 Bitte Sept ag, 
ah 87 > fo.6 1,075 .66 102.5 1,230 -74 116.7 I,400 -82 129.2 1,550 14 
16 .60 108.3 | 1,300 -70 125.0 | 1,500 80 143-8 | 1,725 -89 158.3 | 1,900 16 
18 64 129.2 1,550 .75 150.0 1,800 87 175.0 2,100 -96 I9QI.7 2,300 18 
20 .67 150.0 1,800 .80 175.0 | 2,100 +92 208.3 2,500 1.03 229.2 2,750 20 
24 76 204.2 | 2,450 .89 233.3 | 2,800 1.04 279.2 | 3,350 I.16 306.7 | 3,680 24 
30 88 205.7 3,500 I.03 333-3 4,000 I.20 400.0 4,800 5.37 450.0 5,400 30 
36 +99 391.7 | 4,700 1.15 454.2 | 5,450 1.36 545-8 | 6,550 1.58 625.0 | 7,500 36 
42 I.10 512.5 6,150 1.28 591.7 7,100 1.54 716.7 8,600 1.78 825.0 9,900 42 
48 1.26 666.7 8,000 I.42 750.0 9,000 bP fe 908.3 | 10,900 | 1.96 1050.0 | 12,600 48 
} 
54 I.35 800.0 | 9,600 tS 5 933.3 | 11,200 I.90 II41.7 | 13,700 || C23 1341.7 | 16,100 54 
60 1.39 916.7 | 11,000 I.67 1104.2 | 13,250 2.00 1341.7 | 16,100 2.38 1583.3 | 19,000 60 
72 ¥,02 1283.4 | 15,400 1.95 1545.8 | 18,550 2.39 1904.2 | 29890 V.2.5 sca Pa a ated Es Pe 72 
84 ei: 1633.4 | 19,600 222 QT OA 2 lea yay On, the av euetere cal ea aey seers ereH te iets aaa Gee, eee ore eer 84 
TABLE 12.—DIMENSIONS, STRENGTH AND WeicHT OF ABENDROTH & Root Brack Sprrat Rivetep Pree 
a . Approximate Plaia end ee A.&R.| With Root Approximate| Plain end With A.& R.| With Root 
oe a ickness,| bursting ates anges, bolts} bolted joint Diam- | Thickness,| bursting | = flanges, bolts| bolted joint 
ter, B. W. pressure, ||. : and gaskets complete ter, B.We pressure, | eal | and gaskets complete 
ins. gage Ibs. per sq. | Weight per | Weight per | Weight per ins. gage lbs. per sq. | Weight per | Weight per | Weight per 
! in, too ft. 100 ft. 100 ft. in. | x00 ft. too ft. | too ft 
3 22 1060 II5 139 153 13 16 570 1106 1274 } 1346 
20 1325 147 171 185 I j 
18 1860 205 220 : a : ma a . ine 
243 12 950 ) 1866 ; 2034 / 2106 
Io 116 22 
4 a 1000 195 227 247 ’ 7: << Mite: 
I 1390 273 305 325 I | 
4 16 ; 
16 1845 360 392 412 a ae — = 
14 675 1539 ; 1739 ) 1805 
I2 890 2022 
5 20 795 242 282 | ) 2222 | 2288 
304 bas) / | 
; ron ie e. on 1090 2486 | 2686 / 2752 
1480 8 
44 488 510 I5 14 630 1649 18890 1973 
6 18 930 385 433 eS a — | wie i: 
16 1220 es =o =o8s 2664 2904 2988 
7 ; 508 556 598 * 
1580 653 701 
12 2060 858 906 oe 16 I4 590 1771 2051 2149 
4 12 770 } 2327 2607 2705 
7 18 Se 6 oie or To 950 2861 3141 32390 
16 | 
1060 588 652 682 18 14 / | | 
14 1340 755 810 849 | ra aon / pa | es 
12 1780 992 1056 1086 - ec cone | Bee | i 
850 3188 3548 : 3608 
z 690 507 58 
7 6 
16 945 6690 749 ie = sh 470 2180 2556 | 2608 
F / 
ee £50 940 957 to te ae sts | oP 
1540 1130 1210 1227 ae 3521 3897 3949 
9 16 8 = T4 ° 
a on 753 873 863 12 ee casi anS% 2830 
a3 : 967 1087 1077 ro 6 : ova 3580 3580 
1380 1271 ‘sor 158% 95 3860 4300 4300 
10 16 24 I 
ax vas 835 963 1025 i: Sef hee ee 3084 
s ae 1071 rr99 na = = 3421 3925 3901 
4 1408 1536 1508 35 4216 4720 4696 
Ir 16 26 = 
670 916 1060 1122 ee: ann 3558 4718 4090 
14 860 1176 to 580 8 3 
12 II20 eS ihe) 1382 pias 5540 aves 
1546 1690 1752 28 12 
12 16 615 Io ee —— ape, aks 
z 1003 1163 1215 545 4720 6100 530 
14 790 1287 1447 : 
12 1025 1692 1499 30 12 410 
: 10 1265 a 1852 1904 oe 4IIs 5531 4755 
pee 20 80 2240 2292 Sno $063 6470 5703 


PIPE AND PIPE JOINTS 


TABLE 13.—AMERICAN STANDARD PIPE FLANGES FOR 12 5 Las. WoRKING PRESSURE 
Notes.—Bolt holes should straddle center lines. Flanges should be plain faced. 
Square head bolts with hexagonal nuts are recommended. For bolts 156 ins. diameter and larger stud, with a nut, at each end is satisfactory. 
Hexagonal nuts for pipe sizes 1 in. to 46 ins, can be conveniently pulled up with open wrenches of minimum design of heads. Hexagonal nuts for pipe sizes 

48 ins. to 100 ins. can be conveniently pulled up with box or socket wrenches, 
RULEs approximately followed in compiling’ these data: 

Bolt circle= 1.10D+3 

Flange thickness =.03 15D+ 1.25 (for sizes 26 ins. to 100 ins.) 

D=inside diameter of pipe 

Flanges to be spot bored for nuts for sizes 32 ins. to 100 ins. inclusive. 


Minimum thick- 
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Bolt Spacing 


and Clearance, Ins. 


ness, ins. ‘ ‘ Diame- : Stress | Diame- B 
: Stress Diame- | Thick- | Width ee Diame- | Effect- a 
Diame- . ter of ‘ on bolt ter of 
on pipe, | ter of | ness of of No. of | ter of jive area 
ter of bolt metal, bolt . 
a 5 lbs. per | flange, | flange, flange 3 bolts bolts, | of bolts, 
pipe, ins. 7p = 3 ; f : circle, ee sande lbs. per | holes, 
aceat 5 : sq. in, ins, ins. ace,ins.| “35. : q. ins. Basil we eae 
culated = ere: (On Chord) 
Are | Eee eac 
I -43 He 143 4 Fie 1}6 3 4 ie -093 264 Heo 21D) -91 Tage 
44 -44 6 178 4h 44 15 336 4 He +093 412 %eo 2.38 -9I 1.47 
134 -45 Hie 214 5 %o6 134 3% 4 16 126 438 58 Doge 1.00 GS 
2 -46 Vs 286 6 54 2 434 4 54 202 486 34 Bu35) 1.21 2.14 
2h6 -48 Vie 357 7 16 244 5}4 4 54 202 750 34 3.88 1.21 2.67 
3 -50 We 428 746 34 244 6 4 5g 202 1093 34 4.23 T.21 3.02 
3h +52 As 500 844 1346 2% "il 4 58 202 1488 34 4.94 1.21 2105/33 
4 -53 lo 500 9 1546 216 746 8 58 202 972 34 2.87 1.21 1.56 
4h4 “55 446 562 9% 1546 236 734 8 34 302 823 i 2.06 1.44 1.52 
5 .56 46 625 10 1546 246 814 8 34 302 10 16 1% 2025 1.44 1.81 
6 .60 96 667 II I 26 9} 8 34 302 1463 44 3.63 1.44 2.19 
7 .63 5& 700 1244 46 234 1034 8 34 302 1991 3 4.11 1.44 2.67 
8 .66 5& 800 1314 134 234 1134 8 34 302 2600 78 4.50 1.44 3.06 
9 -70 1hig¢ 818 15 ig 3 1344 12 34 302 2194 % Rinhia 1.44 1.99 
10 -73 34 833 16 1346 3 144 12 a3 420 1948 I 3.69 1.66 2.03 
12 .80 1346 923 19 44 344 17 12 74 420 2805 I 4.40 1.66 2.74 
14 .86 44 1000 21 134 344 1834 12 I 550 2915 114 4.86 1.88 2.98 
15 -90 74 1072 2244 138 354 20 16 I 550 2510 14g 3.90 1.88 2.02 
16 -93 I 1000 2314 146 334 2134 16 I 1550) 2856 14 4.14 1.88 2.26 
18 1.00 16 1059 25 1%6 344 2234 16 134 604 2865 114 4-44 2.00 2.35 
20 1.07 1% IIII 27346 Me 334 25 20 144 -694 | 2829 14 3.91 2.09 1.82 
22 bors 146 1158 2946 11346 334 2744 20 14 - 803 2660 138 4.26 aegr 1.95 
24 1.20 144 1200 32 1% 4 2044 20 14 .893 3166 134 4.62 Zou 22310 
26 1.27 1546 1238 34% 2 434 3 134 24 1% . 893 3096 138 Als 14 YER 1.83 
28 1.33 134 1273 3644 2h46 4% 34 28 14 803 3078 138 3.81 B31 1.50 
30 1.40 16 1304 3834 246 434 36 28 138 1.057 2085 114 4.03 2253 1.50 
32 1.47 114 1333 4134 24 4% 3846 28 132 1.204 | 2775 158 4.31 2.75 1.56 
3 1.54 1%6 1360 4334 2546 4% 4044 32 144 1.204 2741 158 3.97 Bens 1.22 
+ 1.60 158 1385 46 238 5 4234 32 144 1.294 | 3073 158 4.19 2.75 1.44 
38 1.67 i, 1407 4834 23% 534 4514 32 158 1.515 | 2024 134 4.43 2.96 1.47 
40 1.73 134 1428 5034 248 534 47" 36 158 1.515 2880 154 4.11 2 = IS 
42 1.82 11346 1448 53 254 514 4914 36 158 1.515 3175 144 4.31 2.9 +35 
1.87 174 1467 5514 25% 554 5134 40 158 1.515 3136 134 4.06 2.96 I. 10 
* 1.04 156 1484 57344 | 21}46 554 5394 40 158 1.515 | 3428 134 4.22 ie 1.26 
‘ : 34 6 44 156 Tests) ae 3398 134 3.98 2.9 1.02 
8 2.00 2 1500 5914 234 534 5 : 
a 2.07 2Vie 15 15 6134 254 5% 5814 44 134 ae oe vs 4.14 = Se tie 
/ 4 § 0 , : 
y 1530 6 27% 6 60% 44 134 1.74 345 178 4.3 
52 Php 2\6 53 < 7 ; ae 134 1.746 3726 174 4.45 3.10 1.26 
54 2.20 | 2346 1543 COTA ihre i: ae a 34 6 | 3674 116 4.26 | 3.19 aay 
; 2V4 1555 6834 3 634 65 4 194 1.74 4 he . : : 
2 se Ae eee 1567 | 71 | 3% | ob | 674 | 48 | 19% | 1-746] 3041 | 1% | 4-40 | 3.19 | tat 
5 . 7 
4 7 c oe! 1.00 
60 2.41 276 1538 73 314 644 60% 52 134 1.746 | 3802 18 4.19 3.10 
6 2.47 26 1550 7534 | 3% 6% 7 134 52 16 2.051 | 3538 2 4.34 3.41 93 
64 soy 2%e 1561 78 34 7 74 52 1% 2.051) 3770 z ee sett py 
; ; : 14% 2.051 40 10 2 4.60 3.41 I. 19 
2.61 254 1572 80 358 7 76 52 uy : 
a 2.68 | 41Ke 1582 8244 | 336 M4 784 56 116 Paget), Oe ie * gala OnneNe 
234 1591 8446 | 34 74 80}4 56 1% 2.051 | 4188 a BOE Se eat 
bs pape seh 1600 8614 314 74 8244 60 174 2.051 4136 2 4.33 3-41 | -92 
2.81 16 ; 
72 &f ae is 8844 356 Vi 8414 60 174 2.051 4368 2 4.44 3.41 1.03 
as oe z 4 6 1% 2.051 4608 2 4.54 3.41 I. 13 
6 2.94 21546 1617 9034 358 734 8644 ) y . Eps 
78 ors 1625 | 93 334 7¥ 8894 60 2 BrSOR -ASAS EA eS) Ue seo er ooes as 
7 3.0 
5 2 .78 3.63 i gee ay 
82 3-15 3% 1640 0744 | 334 794 a Se a brs pine a6 1:68 eres hee 
34 % % 95 4 2 : ! : 
eo sas a a in # iM 9794 64 “ 225025) (40285) «276 At ali SOS Tae 
2 4 ; 
e : 35 3Mo 1660 10434 | 4 814 100 68 2 2.302 | 4857 a ae aS 4 
oe 334 1667 10614 4)8 84 10214 68 2h6 2.648 | 4416 hi ae oe ee 
3 as 335 1643 10834 418 834 104}4 68 2h6 2.648 4615 ae ao oe od 
oe - 94 16 II 4i4 844 106% 68 2y% 2.648 | 4817 274 Aoehs) SI ; 
94 3-55 3716 49 Ry, 023 4401 234 4.99 4.06 93 
6 62 | 35% 1655 113}4 | 4)4 85% 1087 oe os a 3 06 1.03 
z 2 114 661 115}4 434 834 11034 68 24 3.023 4587 238 5.09 4. c 
98 3.68 Sea : V4 023 | 4776 234 5.20 4.06 1.14 
too 3.75 334 1667 11734 434 87% 113 68 274 3- —— - 


262 


FTSMEN 
HANDBOOK FOR MACHINE DESIGNERS AND DRAFTS 


E . 


Nores.—Bolt holes should straddle center lines. 


Flanges should have Me-in. raised face for gaskets. 


Ti 1 with he nal nuts are recommended. For bolts 15 ins. diameter and arger stud with a nut at each end is satisfactory. 
5% 4 
Squa: e head bolts xagona 


i H for pipe sizes 
s Iin. to 16 ins. can be conveniently pulled up with open wrenches of minimum design of heads. exagonal nuts 1 
Hexagonal nuts for pipe sizes . - 


i enches. 
18 ins. to 48 ins. can be conveniently pulled up with box or socket wr 


i d in compling above data: 
RULES approximately followed in Sint re sesame 


Flange thickness =.0546 D+1.375 (for sizes Io ins. to 48 ins.) 


D=inside diameter of pipe 
Distance between inside edge of bolt holes and raised face to be }42 in. 
Thickness of flange given in table includes raised face. 
Flanges to be spot bored for nuts. 


Bolt Spacing 
and Clearance, Ins. 
es : . ke B 
Minimum thick- Di Stress | Diame- i 
5 X 5 lame- Diame- | Effect- 
adore Stress | Diame- | Thick- | Width eee Na. obi Léoree 4a ee bolt re Ji | 
Diame- on pipe, | ter of | ness of of bole : f bolts, | metal, \ oe 
2 flange s bolts bolts, |o ” | Ibs. per | holes, 
ter of Ibs. per | flange, | flange, & circle, ae sci, ie. Pe ie : 
ipe, ins. ; ins. ins. face, ins.] ~. : Sq. in, ~--A- 
pipe, rug To sq. in. ins ins. {Oa Charal 
Al nearest 
culate fraction ! A / B c 
; i ; 89 | +38 |. aveo I.00 | 1.29 
a 45 14 250 4¥8 146 % ue: 5 i a5 | rs | ar em car eee 
7 3 I 3% - ; 
1% “47 i 312 5 we 4 15 ‘ 56 -202 | 547 34 3.17 1.21 1.96 
5 6 IN aati os . 4 5 21 | 2.32 
134 -49 18 37 4 2M, 5 4 56 -202 | 972 34 3-53 I. 
‘ oe “ ae we i 245 538 4 34 -302 | 1016 ws 4-%3 | 5-44 5 eae 
24% | 53 He 555 7 
5 3 1.09 
5 6 8 34 «302 731 38 2.53 1.44 
6 .56 46 667 814 per 246 ty 3% da 1 oc ges Z 2.77 1.44 1.33 
8 9 1346 294 174 
3% -59 6 i % 8 34 302 | 1300 % 3-01 1.44 1.57 
5 800 10 14 3 1h 4 
Be a 646 3.25 1.44 1.81 
4 5 814 8 34 +302 164) 
he 64 56 900 | 1038 ee Y ol 8 34 302 | 2032 % 3-53 1.44 | 2.09 
I 3 - 
5 .67 Me 909 iI 
4 5 12 34 «302 1950 & 2.75 1.44 I.3f 
6 ee a wane a ee an A I2 % 420 1909 I 3.07 1.66 1.41 
- 78 1346 1077 14 ee ae B ts, % .420 | 2403 I 3-36 1.66 1.70 
8 83 136 1230 I5 a A 550 | 2410 1% 3.62 1.88 1.74 
9 80 14 1285 1614 134 358 14 ee % pt “oe can 
10 04 1546 1333 178 1% 334 154 16 . “550 | 2231 5 “97 : : 
12 1.05 I 1500 | 2044 2 44 1734 16 6 604 | 2546 4 3-46 ah oy ce 
1 1.16 | 16 1555 | 23 24% 445 204 20 116 694 | 2773 v4 a 5 mie 
is 1.21 | 136 1579 | 24)6 | 2%6 | 434 2138 20 14 “893 | 2473 | 13% 7 2-e ee 
16 1.27 U4 1600 2538 214 494 22h4 20 114 -803 | 2814 138 3-52 2.31 KAS 
18 1.37 136 1636 28 236 5 2434 24 14 893 | 2068 138 3.23 2.31 +92 
20 1.48 14 1666 3044 248 514 27 24 136 1.057 | 30096 1¥8 3.52 2-53 = 
22 1.59 | I%6 1760 | 33 256 5i4 2044 24 1}4 1.295 | 3058 | 1% 3.81 | 2.7 od 
24 1.70 158 1846 36 234 534 32 24 15g 2 AGE 3110 134 4.18 2.06 1.22 
26 1.81 | 1% 1793 | 384 | 2136 | 64 34} 28 196 oad Phsdaebeath PM. 3-26 | 29 Dye 
28 I.91 1% 1866 4034 21546 636 37 28 15§ I.515 / 3620 134 4.14 2.06 1.18 
} 
30 2.02 2 1875 43 3 6% 3014 28 134 1.746 | 3615 13 4.38 3.19 I. 19 
32 Zens 24 1882 4544 3% 654% 44 28 17g 2.051 3501 2 4.64 2.45 1.26 
34 2.24 2h4 1889 4742 34 634 4338 28 138 2.051 |} 30952 2 4.87 3-41 1.46 
36 2.35 | 236 1804 50 336 7 46 32 178 2.051 3877 2 4.50 3-41 1.09 
38 2.46 276 1948 5244 3v6 78 48 32 1s 2.051 4320 2 4.70 3-41 | 1.29 
40 2.56 2%6 1953 54% 3Me 1M 5014 36 17§ 2.051 | 4255 2 4.38 3.41 -97 
42 2.67 21146 1953 57 31M%6 7% 5234 36 178 2.051 4601 2 4.59 Suez 1.18 
44 2.78 2134 6 1055 5044 334 758 55 36 2 2.302 4587 21g 4.79 3.63 I. 16 
46 2.80 274 2000 6114 378 734 5714 40 2 2.302 4512 | 2lg | 4.49 3.63 86 
48 3.00 3 2000 65 4 814 6034 40 2 _|_ 2.302 4913 | 2h 4.76 3.63 54S 


Professor Sweet’s joint for the cylinder covers of steam engines 
is shown in the section on steam engines (See Cylinder Cover Joints), 
It has also been adopted by the Ball Engine Co, with entire success, 

The joint is metal to metal and without grinding, the surfaces 
being ordinary tooled surfaces. The only, and a necessary, precau- 
tion is to make the joint narrow—not over 3 in. wide, 

The narrow metal to metal joint is also entirely successful for 
high pressure air as will be shown later, 

The Rapieff joint used with invariable success for the numerous 
joints of the Zalinski dynamite gun and its air plant, where it 
regularly withstood pressures of 2000 Ibs. per sq. in., is shown in 
Figs. 6-14. It is thus described by B, C, BATCHELLER, Chf, Engr. 
Amer. Pneumatic Service Co. (Amer. Mach., Apr. 23, 1908), Just 
inside the bolt circle a gtoove of peculiar shape, abc Fig. 6, is 


turned in the face of each flange into which a ring of round rubber 
cord is laid and the flanges are bolted up metal to. metal. The 
combined cross-sectional area of the grooves is made slightly less 
than the sectional area of the rubber cord, resulting in compression 
of the rubber, the surplus flowing into the narrow space d, which 
is about ¥ in, wide, and opens into the interior of the pipe. 

The fluid pressure acts against the rubber, tending to force it out- 
ward and, putting the entire ring of rubber under static pressure, seals 
the joint atc. Thus the higher the pressure the tighter is the joint. 

The rubber gasket ring is shown in Fig. 7. It is made from 
rubber cord that can be bought by the yard and made into 
rings as required, A splice is shown at f, which is made by cutting 
the cord obliquely and joining the ends with rubber cement. The 


(Continzed on page 266 first column) 
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So. 
Regular 90 Elbow Regular 45°Elbow TABLE 17.—CENTER TO FACE MEASUREMENTS OF ABENDROTH & 
oe) Root FLancep Firtincs 
1 


Spaces Filled from Center to Face 
Dimensions in inches 


Inside 90° elbows, s Retaen 
diameter, tees and a8 Y-branches 
: elbows bends 
ins. crosses 
D A A BAVA Bele a€ A [2 
3 3% 2% 9 24 9 3% ies 
—— => >< -~ es 
An srastai >| 4 4% 24g II 22) «1 43 83 
Reducing Tee 5 st 3h I2 3 12 5t 10} 
6 6% 3% 13% 3% 134 63 124 
7 7% 4 15 Age els 7% | 143 
8 8} 435 17 5 17 8t | 16} 
9 9% 545 183 5% | 18% ot | 18} 
Io tot 54 21 54 21 tot 204 
II Ir 2 224 5i 224 II 22 
Regular Cross ‘Regular Y Branch Reducing Y Branch I2 I2} 64 24 6 24 r2} 244 
\ Ts) 13 5} 26 64 26 13 26 
| 14 13% st 274 | 64 | 274 || 14 | 28 
S x 15 15 5st 293 | 62] 204 || 15 30 
‘OQ : 16 16 63 31} 7 314 16 32 
: i 18 18 7% 35 74 | 35 18 36 
J 20 20 ro} 38} 8 38} 20 40 
22 22 II 41 9 4I 22 44 
B 24 24 I2 44 Io 44 24 48 
26 “Opn Selle ce soogoec opooonboacdclbocuc all aocszoindanas 
28 a ill soadigns. chal prko Can) Oo OE ac sinet ties onl S a6 oc 
5 = ¥ ; 30 ete Cilil-seac SF en Ale rere Pu ite 2 ees eee poral ee all ea Ba 
) = Length of Reducers 
Speci. ee a 
pecial Return Rend Regular Reducer Inside Diameter..........sec0e05 4| 5| 6| 7] 8] 9/ro|r1/12/13]14]16/18}20 
Total lengths fieccc< cstemas sreieesven 23|23|23|22|22|22/33|33|33/33|/32/32|32\32 
r 45° Y 
ot c- loerane o) 
r . 
-}- Tee ade 
' and 
1 = Cross 
27> =25 
= 5 t 
| 
TABLE 18.—CAST-IRON SCREWED Pipe FirrincsS ror PRESSURES UP TO too LBs. PER Sq. IN. 
Walworth Mfg. Co.’s Standard 
Dimensions in inches 
i] Pipe 
Pipe ; : P di i f fittin, 
i ee Body dimensions of fittings i onnioae Body dimensions 0 1 nGa 
° 
i 45° 2 r For all fittings ‘ 4s° Ys. 
Nominal | 3 ah a ees Cen.,| 90° | ell, bc uieS a Nominal | J Cen. | ‘90° ey) || 2a 
inside dia. iy In- Dia. S| to ell | face | Face | Cen. inside dia. 3 In- Dia sz to ell | facd | Pace | Cen. 
of pipe ‘3 side of b S| face | rad. | to to to of pipe 5 side of =] ve face |-rad. | to:| to to 
dia ead 38 face | face | face dia. bead ae. face | face | face 
meee entece pane} FG ij. | wv | x Ae oe ale Ca cel Bek ae Ge eas ae 
F181 wt fel I Tere et 7H Paha Ont 3h 8 | 476 5t Ive} 3i8| 24 | 2x6) 8% | 6% 
i 18 i |. 14 cy vs} Ys] 2x6) Tre 4 8| 4% 6 1] 4 | 28) 2t | of | 7h 
; 14 gol, Iq 3) «ts 2» uu] 23 | rt 4 8 le gacisodsil Oxy tt | 4s] 3x8] 2x6) 103 | 7% 
3 ral bak | 13 erlieree le edel del 2k 2 5 8 | Sweleeee] Trel----] Id] 428) 38] 2x6) 1rd] 83 
: rial. th le am Bre | ot 441 33 | 2h 6 ood, Et Fiscal) tq) eel 2 2i5| 13% | To 
say ROK 67s| 48 | 38 | 14% | 11 
Thea) BEL Pol eek a aoe aerat| xd) | txs|| St |. 3 7 8] 7% 9% 1} i 
a a a he ard eo ul 2 wel r&| 42 | 3t 8 Si eStlneae| LOE [eres ete eOtel Gael) Sel TOF I ts 
2. rau dl) Ce eed bee bl lo eroc t 2} 17;| 1% sk} 4 9 Sel MO ye Leelee Ne kd, 7% | 5tk| 3%] 19 | 24d 
24 8 | -2d6|..-.) 4% [....] 2 Berta llect $e \O4,|\ 5 10 | Yt nek llevan eS eal) ee) | 84 | 6xs| 4x6] 20% | 16 
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ring should have the same diameter as the grooves in the face of 
the flanges. Rubber cord 3 in. diameter is large enough for the 
largest joints, and it is not convenient to use cord much less than 
1 in. in diameter. The rubber should be of good quality, and pref- 
erably what is known in the trade as ‘“‘pure gum.” When a joint 
is made in a horizontal pipe, the rubber ring can be held in the 
groove of one flange by rubber cement when the joint is put 
together. The surface bc may have an angle of 60 deg. 

When alignment of the pipe sections is required it is readily ob- 
tained by the construction shown in Fig. 8. Fig. 9 shows a modified 
form and Fig. 11 an application to a cylinder head. The rubber 
rings, of which sections are shown, may be cut from flat sheets. In 
making the joint shown in Fig. 11, the ring should be stretched 
over the head to hold it in place, talc powder being used to prevent 
its sticking. 

Two or more joints at as many shoulders on the same piece may 
be made with this joint as shown in Fig. 13 in which a lantern A 
is bolted to an annular casting B. Joint C is like Fig. 6 and joint 
D like Fig. 11. ; 

This joint is used with complete success for low pressures in the 
Batcheller pneumatic postal tubes, in which the pressure seldom 
exceeds 5 lbs. per sq. in. A rectangular groove, Fig. 14, 3 in. wide 
by } in. depth, is turned in one flange and a tongue ? in. wide by 
#; in. high on the face of the opposite flange. The outside diameter 
of the tongue fits the outside diameter of the groove. A rubber 
ring, as shown, 3 in. wide and } in. thick, is laid in the groove and 
the flanges are bolted together. The rubber ring is compressed to 
a thickness of 3 in., the surplus flowing into the space provided by 
making the tongue narrower than the groove. The tongue and 
groove of this form are easily machined and alignment of the sections 
is insured. 
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This joint is also regularly used by the Nordberg Mfg. Co. for 
mine-pumping plants where the pressure is heavy and the service 
severe. 

Pipe joints and threaded unions for high-pressure air, according to 
H. V. Haicut, Chf. Engr. Canadian Ingersoll-Rand Company (Amer. 
Mach., A pr. 23, 1908) should have metal to metal joints with narrow 
faces and are preferably of the ball and socket type. Regarding the 
actual joint, the rule is the higher the pressure the narrower the joint. 
Fig. 15 shows details of a ball and socket joint used for pressures 
up to 1000 lbs. per sq. in. The radius at the end of the pipe is 
slightly less than in the socket, giving line contact. The thread 
not being subject to air pressure is made straight and the flange 
screwed on by hand. The ball and socket feature makes the 
joint tight even if the parts are not in perfect alignment. Extra 
heavy pipe was used in order to have sufficient thickness after 
threading. 

A high-pressure flange union is shown in Fig. 16. It permits a 
movement of 5 deg. in any direction, as indicated in the smaller 
illustration. The recesses a are for calking with lead should it be 
necessary, which it seldom is. Fig. 17 shows a type of fitting 
used in the United States Navy for torpedo service and for air pres- 
sures up to 3000 lbs. per sq. in. Note especially the knife-edge 
joints. 

Fig. 18 shows a fitting for connecting copper tubing. The tube 
is swelled outward and the end pinched between the nipple and 
swivel, the former being-turned to an angle of 30 deg. with the center 
line. 

Flange joints for high-pressure hydraulic work are shown in Figs. 
19 and 20 and Table 19. by U. Peters (Amer. Mach., Apr. 18, 
Igor). : 

Fig. 19 shows a joint for bored or seamless drawn steel pipes 
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Fics. 6 to 14.—The Rapieff pipe joint. 
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Fic. 17.- Fittings used in U.S. Torpedo Service 
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Fic. 18.- Tank Connection for 34’ Inch - 
Copper Tube 
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Union for Copper Tube Connection 


Fic. 16.-Flange Union for 
1000 Pounds Air Pressure 


Fics. 15 to 18.—Pipe fittings for high-pressure air. 


from 3 to 8 ins. and larger diameters with ring-grooved male and 
female ends for the copper gasket. The flanges and bolts are also of 
steel, and the accompanying table gives some dimensions for the 
various sizes. The table is made up from connections actually in 
use and approved. They stood a trial test of 7 gross tons per sq. 
in. without showing any sign of leakage, if properly connected. 

The pipes and flanges are threaded either by the United States 
standard of 8 threads, or by the Whitworth screw standard with 
6 threads per inch. 

For smaller pipes the connection shown in Fig. 20is applied. Such 
pipes are generally called by the catalog names of extra heavy or 
double extra heavy steel or wrought-iron pipes. As given in the 
tables of the various makers, they are of different dimensions, 
for pressures from 500 to 7000 lbs. per sq. in. The flanges are 
usually of forged or cast steel and of different shapes, corresponding 
to the number of bolts from oval-like, triangular and square to 
round, and it would take too much space to tabulate all these 
dimensions. More difficult to determine than the size of the pipes 
for heavy pressure is the size of the flange bolts. A formula is there- 
fore here given: 

4000 to 5000 (D?—d?) 
number of bolts 

The factor 5000 is used for higher pressures. The length of thread 
for cast-steel and wrought-iron flanges may be made: 


f=2.25 (D-d) 


=safe tensile strength of bolt. 


and for cast-iron flanges: 
f=2.50 (D-d) 
fi=f+ 3s in. and e=3 to} in. The thickness of the copper 
gasket is usually not over § in. 


For high-pressure superheated steam or hydraulic work S. D. LovE- 
KIN, Chief Engr. New York Shipbuilding Company (Amer. Mach., 
June 8, 1905), considers the joint shown in Fig. 21 superior to all 
others. The faces are serrated and for steam a plain gasket of 
annealed copper is placed between them. For hydraulic work dealing 
with pressures up to 6000 Ibs. per sq. in. Mr. Lovekin uses lead 
gaskets. 

The Van Stone or Walmaco pipe joint for high-pressure (250 lbs.) 
steam is shown in Fig. 22. Jn making this joint the flange is slipped 
on the pipe, the pipe is brought to a red heat, the end is rolled over 
against the smooth face of the flange by a special machine which 
insures perfect contact and, finally, the pipe is placed in a lathe and 
a light cut is taken from the face which is te make the joint. Rubber 
gaskets are used for pressures up to 125 lbs. and copper gaskets for 
higher pressures. In some cases the ends are ground together. 
The advantages of the joint are: The pipe is not weakened by 
threads; the joint is made between the ends of the pipe; the flanges 
simply act as collars to hold the ends of the pipe in contact; the 
flanges swivel, thus greatly reducing the labor of erecting the 
work. 

Table 20 gives the dimensions of this joint as made by the Wal- 
worth Mfg. Co. 


Pipe Markings 


The standard pipe markings of the American Society of Mechanical 
Engineers (Trans. A. S. M. E., Vol. 33) are as follows: 

In the main engine rooms of plants which are well lighted, and 
where the functions of the exposed pipes are obvious, all pipes shall 
be painted to conform to the color scheme of the room; and if it is 
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TABLE 19.—DIMENSIONS OF HIGH-PRESSURE HyDRAULIC Pipe FLANGES. 


Fic. 21.—Pipe joint for high-pressure superheated steam or hydraulic 
work. 


All fire lines (suction an 


Steam division 
flanges and fittings, shall b 


d discharge) including pipe lines, 
€ painted red throughout. 

The edges of all flanges, fittings or valve flanges on pipe lines larger 
than 4 inches inside diameter, and the entire fittings, valves 
flanges on lines 4 inches inside di 


the following distinguishing colo 


valve 


Water division 
and 


ameter and smaller, shall be painted 
rs: 


DISTINGUISHING CoLors To BE USED on 


For 8 Bolts 


Fic. 22.—The Van Stone pipe joint. 


VALVES, FLANGES AND 
Firtincs 
High pressure—white. 
Exhaust steam—buff. 
Fresh water, low pressure—blue 
Fresh water, high pressure 
boiler feed lines—blue and 
white. 


Salt water piping—green, 
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TABLE 20.—THE Van STONE PIPE JOINT FOR PRESSURES UP TO 250 Las. PER Sa. In. 


Dimensions in inches 


N 
VY 
IN 
N 
N 
N 


Le 


Lone Hus FLANGES 
made from cast-iron or ferrosteel 


Lone Hus FLANGES 
made from rolled steel 


RING FLANGES 
made from malleable iron or cast steel 


SHorT Hus FLANGES 
made from malleable iron, cast steel or rolled steel 


Size ir ATs Cal evianliaes QE | ea ass ) es 
D. Diameter of hub, cast-iron or ferrosteel............ 6%| OH] 73 8} Ot | rof | 11% | 134 | 153 | 162 | 17% | 194 | 213 | 23% | 26 28} 
doee>iameter-of hub, rolled steel. 0.) <..ccees es wes se sae 5} eee ca 14 9 rod | 114 | 123 | 14$ | 165] 1775] 1835] 203 | 224 | 242 | 27 
APMPUSATHCCEE OF HATIGES 5c cia. cine loere ce ticle sio'% s’are nic b's) ole ae) ro} | 11 124 | 14 15 16 17} | 20 224 | 234 | 25 27 29% | 31% ae 
B. Thickness of flange, cast-iron ferrosteel, cast steel, or | 1} Ifs| If | Iys 15 1% is 1} 2 2% 235| 24 23 24 24 2t 
malleable iron. 
H. Thickness of flange, rolled steel, with long hub...... 1% 1} I} 14 Ifs| 13 tqs}| 14 1% 13 rz] 1} 2 2} 2} ae 
eM IASICL OS OPP IAT oie choles siaaid save o:8 sl anc oie Sa rkiee os iv's loa 6 6% 7 7% 9 Io II 12} | 134 | 152 | 17 18 19 21% | 23% | 25% | 27} 
GereDrameteron DOL Circle: oo 5..:. cw eeiso e sisre ec eee secees 7% 8} ot | ro§ | 117 | 13 14 15% | 172 | 20 21 223 | 244 | 26% | 283 | 31} 
PuStETy DETSOL IDOLS Meepee re wise sowie cote eis. 2 © ele viarsverers 8 Ee. 8 I2 I2 I2 I2 16 16 20 20 20 24 24 28 28 
SIZ RMUOLESO wisi oi aim eieis cist cc ws Sip e.ciels cave saieree sala 3 2 4 2 $ t 3 t t t I iS I 1} 1} 1} 
G. Height of flange, cast-iron or ferrosteel............. 35 3hs| 44 mre pe 4s 4B) 6438) 535] 53 ee: 6 6t 6} 6} 74 
F. Height of flange, rolled steel, with long hub......... 34 3% 3t 3t 3% 34 3§ 3t 4 4% 44 4} 5 53 53 6} 
E. Height of flange, cast steel or malleable ircn......... 13 134%] 1% 2 2ds| 2e| 2} 2} 2ye| 23| 238] 22 37} 3+ 3x5| 3% 


ae he Delivery and discharge—brass 
Oil division 


or bronze yellow. 


Pneumatic division All pipes—gray. 


City lighting service—alumi- 
Ae num. 
pees division Gas engine service—black, red 
flanges. 


All piping—black. 

White and green stripes alter- 
nately on flanges and fittings, 
body of pipe being black. 

Black and red stripes alter- 
nately on flanges and fittings, 
body of pipe being black. 


Fuel oil division 


Refrigerating system 


Electric lines and feeders 


The standard pipe markings of the ships of the United States Navy 
are given in Fig. 23 (Amer. Mach., Nov. 26, 1908). 


Outside of machinery spaces all pipes, except pneumatic pipes, 
are painted white (the general color of neighboring work). The 
contents of each pipe are indicated by distinctive color bands placed 
upon the flanges, or at intervals between the flanges, or in both 
places, as shown. 

The valves also are painted distinctive colors, indicating the 
contents of the pipe. 

The direction of flow of the contents of the pipes is indicated by 
a narrow color band (red or black) painted around the center of 
the band that indicates the contents of the pipe. 

In general, the narrow black band indicates the flow toward the 
motive power of the system, or toward an auxiliary, and the red band 
indicates the flow away from the motive power or auxiliary. Ex- 
cept ventilation pipes in the coal bunkers, under the fire and engine 
rooms and store-room floors in double bottoms and wing passages, 
all pipes are painted the color of the compartment and retain their 
distinctive bands. 


Salt Water Pipes 


Ventilation \\ A Air to ap 


\SWiZ 


- ——Bands both at and between Flanges— - 


ZINN = 


ne Piping Exhausting Air from LLG 


whether le or Artificial 


Exhaust Steam from Auxiliary 


Steam Supply to Auxiliary 


A WS Pipes Ah 
CV 


Where Neighboring Work is Red 


Where iat Work is White 
Fire Main 


Flanges Lagged and White 
Bed Bands between Flanges 


Magazine ee 


MOWN 


Magazine Flood direct from Sea Fire 
Main when used as Magazine Flood 


Pneumatic Pipes 


SELPLLLEESEPEIIS Ty dl CSFTLEEE EPL EE OT erE ETE 


Entirely Black. No Indications for Direction 


Hydraulic Pipes 


Key 
xhaust 
rll Es ae Gray ae 
RN = 


Fic. 23 eae pipe et tes of the United States Navy. 


Color of Wall of Comp’t — 


TABLE 21.—DIMENSIONS, 


STRENGTH AND 
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Water WHEEL Co.’s DouBLE RIVETED HyDRAULIC PIPE 


WEIGHT OF PELTON — 


= [) = = aa ~ eo - 
¢ |del¢ | 2,12 21 eel eae 
oe oO a ~ a oO bo g » < - 
a gm) § pea aE fe earns Sa | a 
= | HE |S aLe es |S eee eee 
Cdl eel Saree les see i est ce 
wil od | eps =| $4|'g4 | §2)] 2s g= 
5 ge) 2 oe oe 2 Sa | a af oes 
oO ord oq a=] rs] = fe > ae a 
E fa/5 | vile |8 | 34/4 ye |e 
a |2:l2 | 8* (2 ta |aslge | dF ls 
| A =P 
a) nP (<3) iss} = a g q 5 
3 18 | .og 810 | 2.25| 18| 12 -|.100] 205 | 25.25 
4 18 -05 607 3.00) 18 II ~E25 337 29.00 
4 16 062 760 3.75| 18 10 -14 378 32.50 
5 18 | .0s5 485 | 3.75] 18 8 -I71 | 460 | 40.00 
5 16 062 605 4.50} 20 16 062 I5it 16.00 
5 14 078 | 757 | 5-75| 20] 14 -078 189 | 19.75 
6 18 -05 405 4.25] 20 12 -109 265 27.50 
6 16 062 505 5.25] 20 Ir 125 304 31.50 
6 I4 078 630 6.50} 20 bas) -I4 340 35.00 
7 18 05 346 4.75} 20 8 -I7I 415 45.50 
a 16 062 433 6.00) 22 16 .062 138 17.75 
i I4 .078 540 7.50| 22 14 -678 | 172 22.00 
8 16 .062 | 378 7.00} 22 12 -I09 | 240 | 30.50 
8 14 078 472 8.75] 22 Ir -I125 | 276 34.50 
8 12 109 660 |I2.00| 22 Io -I4 309 39.00 
i 
9 16 062 336 7.5Q| 22 8 -I71I 376 50.00 
9 14 078 420 9.25; 24 14 .078 158 23.75 
9 12 .109 587 |12.75} 24 12 .109 220 32.00 
Io 16 | .062 |} 307 | 8.25] 24] 11 -125 | 253 | 37.50 
Io 14 078 378 |10.25; 24 | 10 -14 283 | 42.00 
10 12 tog | 530 |14.25] 24/ 8 | .x97% 346 | 50.00 
10 i¥ 125 607 |16.25| 24]| 6 | .20 405 59.00 
10 pa) -14 680 |18.25| 26 14 .o78 145 25.50 
It 16 062 275 9.00; 26 12 .109 203 35.50 
rr I4 078 344 |II.00/ 26] 11 | -125 233 | 39.50 
Ir 12 109 480 15.25) 26 Bae) -14 261 | 44.25 
II II 125 553 |17-50} 26} 8 <3E 319 54.00 
Pe i Io 14 617 |19.50] 26 6 .20 373 64.00 
12 16 062 252 |10.00] 28 14 .078 135 / 27.25 
12 14 o78 316 |12.25| 28 12 109 188 | 38.00 
12 12 109 442 |17.00| 28 Ir -125 216 42.25 
12 II 125 506 /|I9.50) 28 Io || .14 242 47.50 
12 Io -14 567 |2r.75| 28 8 171 205 58.00 
13 16 062 233 |10,.50) 28 6 .20 346 69.00 
13 14 078 291 13.00) 30 12 109 176 39.50 
| 
13 12 109 | 407 |18.00; 30 Ir .125 202 ) 45.00 
13 Ir 125 467 |20.50| 30 10 -14 226 50.50 
13 Pde) -14 522 |23.90] 30 8 -I72 276 61.75 
14 16 062 216 |II.25) 30 6 -20 323 73.00 
14 14 078 71 {14.00} 30 3 .25 404 | 90.00 
14 12 109 | 378 |ro.so| 36] xr .125 168 | 54.00 
14 Ir 125 433 |22.25] 36 bade) -I4 189 60.50 
14 Io 14 485 [25.00] 36 Ye | .187 252 81.00 
15 16 062 202 |Ir.7s| 36 ; .25 337 |109.00 
15 14 078 252 |14.75| 36 id 312 420 /|135.00 
| 
15 12 109 352 |20.50| 40 ae) .14 170 67.50 
15 It 125 405 |23.25) 40 ve T 787 226 90.00 
15 to re § 453 |26.0c) 40 t -25 303 |120.00 
16 16 062 I90 {13.00} 40 * <Sre 378 |150.00 
16 14 078 237 16.00] 40 ? «375 455 |180.00 
16 12 109 332 22.25) 42 Io «td 162 | 71.00 
16 It 125 379 |24.50] 42 we | .187 216 94.50 
16 to 14 425 |28.50| 42 , .25 289 (126.00 
18 16 062 168 |14.75| 42 we | .312 360 |158.00 
18 14 078 210 |18.50| 42 } -375 435 [190.00 
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Tapers 


The most commonly used standard tapers are the Morse and 
the Brown & Sharpe. The former has, nominally, a taper of § in, 
per ft. measured on the diameter, as are all tapers, but having been 
established before the days of accurate measurements, the different 
numbers range between .6 and .63 in. per ft. The Brown & Sharpe 
taper is 2 in. per ft., except the No. 10, of which the taper is .5161 
in. per ft. 

The most desirable taper is the Jarno, which is .6 in. per ft. or .o5 
in. per in., which latter figure brings out its desirable features most 
clearly. The number system, instead of being arbitrary as with 
others, indicates the dimensions, the number of any taper being 
equal to the diameter in tenths of an inch at the small end, the 
diameter in eighths of an inch at the large end, and the length in 
halves of an inch. Again, the length is equal to five times the small 
diameter or four times the large diameter, any one of the dimensions 
being the key to the others. The leading machine tool builders 


who use this taper are the Pratt & Whitney Co. and the Norton 


' Taste 1—THE Brown & SHARPE TAPER 


Dimensions in inches 


> = 

2 3 < : 5 g 8 5 0 is 
s eee Ss ess | ee BS 
3 a § By a Soa a Be bee i y 

ail) a Cert eas aS. “ Sh| ge a 
3 ca | y 8 ye eee aB8|3o8 7 
qa |d8| 2] BLES) & | S| el] ee] @ 
i} 3 Aa A > 5 Me 8 a é 
A a a4 pe alas 

P H K ib, Ww ii t 

I 20 # Ids 4 3 7i35 | 38 + 500 
2 25 I ids 1% 4 . 166 + ra 500 
3 312 | 2 2% 1% f OT a es ts 500 
4 35 4 13 1#} 2k 228 4 va 500 
5 45 ii If 1% 4 260 | # t 500 
6 50 2} 24 2k 201 Ys Pei .500 
7 60 3 34 245 #44) .322) ts 500 
8 75 3% 344 | 938 au 353 | 4 a 500 
9 90 4 4% 3t 14 385 ¥s 3 500 
9 90 ; 4% 4% 44 14 385 vs 3 500 
10 1.0446] 5§ 5% 434 Ives | .447| & i 5161 
To 1.0446] 5% Bie) 54h | tte 447. | © os vs 5161 
ie I.25 64 64 645 1¥6 447 a i 500 
12 1.50 7k ile 68 14 510 | 4 ; 500 
13 1.75 74 1% 1%6 1} SLOr | 2 4 500 
14 2 8% 8% 8a tH | .572 ei vs -500 
15 2.25 83 8t 8h 12% | .572 BH Ye .500 
16 2.50 9% 9% 9 1} -635 18 $ 500 
17 igh hs 92 OH a lecatenstees lisse, siglo cape te ciltoyade nee [eels ees 500 
18 3 10} EOS eee ote io) ders ceus Hisveralietais! iaatyansyovel|ie. sae sie 500 
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Grinding Co. The Reed taper is the same as the Jarno, but without 
the convenient relationship of numbers, diameters and lengths 
The Sellers taper is $ in. per ft. In this taper the customary driving 
tang of twist drills and boring bars is omitted and in its place the 
socket is provided with a key and the shank with a keyway to fit. 
Unlike the tang, this key has ample driving power and eliminates 


Fic. 1.—Taper of steam-hammer piston-rod ends. 


the well known trouble due to the twisting off of the usual tang. 
There is nothing to prevent its use with other tapers. The sockets 
being fitted with keys, it is only necessary to mill the keyways in 
twist drill shanks and thereby get rid of a universal nuisance. 

The following tables give dimensions of these various tapers, all 
dimensions being in inches. 


TABLE 2.—THE JARNO TAPER 
Dimensions in inches 


t is 
| l 
x Q 
1. 
ae 
1 
3 No. of taper 
Dia. of large end=—— 
= 63 ‘ No. of taper 
Taper per ft. 6 11} Dia cof small en pare ee 2S 
Taper per in. =.05 in. us) 
No. of taper 
Length of taper =——— 
Number | A | B | G 
2 -250 .20 I 
3 +375 30 1} 
4 +500 .40 
5 +625 .50 2h 
6 +750 -60 3 
7 875 +70 34 
8 I,000 .80 4 
9 I.125 -90 44 
Io I.250 I.00 5 
II 1.375 I.1I0 54 
12 1.500 I.20 6 
13 1.625 1.30 63 
14 1.750 1.40 7 
15 1.875 1.50 a 
16 2.000 1.60 8 
17 2.125 I.70 8} 
18 2.250 1.80 9 
19 2.375 1.90 94 
20 2.500 2.00 10 
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TABLE 


5.—THE SELLERS TAPER 


Dimensions in inches 


TABLE 3.—THE Morse TAPER 


Dimensions in inches 


a ca Pega 
key- key. 
way aan tongue 
ib; Ww tf 
2d5 C3 213 te 
2 i .26 ry 
Ids +322 vs 
1} -478 Fi 
1} -635 $ 
1} .76 t 


Diam. 


of 


——_ -—1{ 


TABLE 4.—TuHE ReEp TAPER 


uw 
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716 20 & 22 Lathe 
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——_ - ——__ —-— 31 
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ofS oT Lathes a ee , 
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{ 

| 

| 
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4a 

1 

980 Lathe 
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48 


A | Bilci|DlzlFicla|i|s|KILIiu|nilol|PloalR 
3 zr [xr3s| 2] 24] &le%| 23] 4 | Hl 312] sl] &l &l &l Bl 2 
% zr |r38]} 2] 24 | lax) 28] 4 | F | 33) te] sel &e) &] &] Bt 
2 | ticl28 | & | fe] t [245] 32) % | 13] 43) o | 2 | th) ae] a) t ve 
t 1§ |3z6|1 | #1338] 43] 41 23] 53! 2) Hl BR] Al B] Hit 
It 2 |4% |r | & |4t | 53) 2] rE) 63) 2] 24) Hl BL Ft] Bl 4 4 
1 2% |sk |r4 | € | 4 162 | 7314) 218) 4) 23) Bl HB) He] He] 
2% 3k |7d xd] € fe -108 foo she nck celles oe hee oe en ee ee ee 
Thick- | Rad. of Whole | Diam. | Diam. 
ness mill Rad. of Shank | length rome at end |of point Taper 
tongue : er 
of for depth of her of of inch 
tongue | tongue shank | socket | shank 
t R a a nt A 
3% vs +05 2% 2% 600 | .475 -356 | .05 
+ t -06 2t 3z 602 | .7 -556 | .05016 
ts tr -08 3x6 3? -602 938 | .759 | .o50%6 
ci ts 0 4} 43 623 | 1.231 -997 | .O519r 
t 3 12 5i 6 .630 | 1.748 | 1.446 | .os25 
£ 3 ots 8 8 626 | 2.404 | 2.077 | .05216 


TaBLE 6.—TuE SranparD Toot Co.’s TAPER FOR Twist DRILL 


SHANKS 


Dimensions in inches 


| Length 7 
Nuthesee Diameter | Diameter Total Depth of jof tongue} Thick- 
kobe small end | large end | length of | hole in | to end | ness of 
of shank of shank shank socket | of socket) tongue 
hole , 
A B | rn D E F 
I 378 484 2} 1} 3 t 
2 .587 .706 2} ber ve i 
3 -800 O41 2 2} i ; 
4 1.050 1.244 3? 3 ve f 
5 1.515 1.757 4t 3? f I 
6 2.169 2.501 6} 5 2 It 
ee, 2.815 3.283 9 72 q +S 
Number of | Width of Pen Length of |Diameter] Taper | Taper 
taper keyway keyway keyway | of socket} per foot | per inch 
G H K 
I -263 1} 3 # -600 -0500 
2 -388 t} I Iys -602 -05016 
3 -520 2 1} 1x5 .602 .O5016 
4 -645 2u 1} ber .623 -O519OL 
: a ORG 3} 2 2% -630 +0525 
: oe 4t 2} 2t -626 -05216 
. 7 Tage Pa eee -625 -05208 
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An accurate method of originating taper gages is by the use of two 
disks and a pair of straight edges, Figs. 2 and 3, the diameters and 
center distances of the disks being such that the angle between 
their two common tangents is that of the desired taper. The taper 
being usually given in ins. per in. or ins. per ft., the equivalent angle 
must first be determined. If the taper is measured perpendicular 
to the center line as in Fig. 2, this angle for most cases in practice, 
may be taken directly from Table 7 and we have the relation: 


D—d=2l sina (a) 
in which D=diam. of large disk, ins., 
d=diam. of small disk, ins., 


J=distance between centers of disks, ins., 
included angle 
C= 


2 


=angle of one edge with center line. 


Fic. 2—Measured perpendicu- Fic. 3.—Measured perpendicu- 
lar to center line. lar to one side. 


Fics. 2 and 3.—Originating tapers. 


If the taper is not found in the table, divide the taper per inch 
by two, when it becomes the tangent of half the included angle. 
Find the angle corresponding to this tangent in a table of tangents 
and use the value so found in the above formula. 

Table 8 gives diameters of disks and center distances for the 


TABLE 7.—TAPERS AND CORRESPONDING ANGLES 


Taper, Included Angle with ||Taper,| Included Angle with 
ins. per angle center line ins. angle center line 
ft. Deg. | Min. | Deg. | Min. || per ft.| Deg. | Min. | Deg. | Min. 
SRR ote 2 1346 4 28 2 I4 
sa dae 44% 277) 37 2 | 1844 
ede a 9 I 4 46 2 23 
ashes 134 1% 5 22 2 AI 
shave Wat 18 14 5 58 2 59 
bee 2214 134 6 a3 3 16144 
bbe har 1 7 9 3 3444 
EA er 31% 154 7 45 2 5244 
alee se 36 134 8 20 4 10 
sie s ae 40 1% 8 56 4 28 
See 45 2 9 32 4 46 
Pn ckas 49 244 sae) 43 5 21% 
es ah ie 53% 24 II 54 5 57 
eave aie 58 234 T 4 6 32 
I 24 3 14 15 7 7% 
I 344 15 25 7 | 42% 
I 114 3% 16 30 8 18 
I 16 334 17 46 8 53 
I 204% 4 18 55 9 | 2734 
I 25 414 20 5 10 24% 
I 30 21 14 10 37 
I 34 34 22 23 II 114 
rt 38% 23 32 Il 46 
I 43 54 24 40 12 20 
I 474 54 25 48 12 | 54 
I 52 534 26 57 13 | 28% 
I 5616 6 28 4 14 2 
2 az 
2 54% 
2 Io 


273 


Morse and Brown and Sharpe standard tapers. The disks may be 
spaced at the required distance by spanning over them with a 
micrometer, in which case the sum of their radii is to be added to 
the center distance, or a distance piece may be placed between them 
equal to the center distance less the sum of the radii. 

If the taper is measured perpendicular to one side, Fig. 3, the 
entire taper per inch is the tangent of the entire included angle 
which as before may be found in a table of tangents (Table 7 not 
applying to this case) and we have the relations: 


D—d=2l sin a (0) 
and D—d=2b tan a (c) 


in which b=base distance between centers, Fig. 3, remaining nota- 
tion as before. 

Formula (3) is to be used when the disks are spaced by a microm- 
eter spanning over them and formula (c) when a distance piece is 
placed between them with its ends perpendicular to the horizontal 
line of Fig. 3. 


TABLE 8.—DIAMETERS AND CENTER Distances OF DISKS FOR 
MEASURING TAPERS 


Morse Standard Tapers 


Diameters of Bstance 
No. of disks, ins. pen Taper 
taper coe per in. 
Large Small ot e eae 
ins. o 

I 43 38 2.4990 05 

2 56 aA 2.4990 -05016 
3 I 34 4.9980 .O5016 
4 4 z 4.8281 .O51QI 
5 134 14 4.7746 0525 
6 23¢ 2 7.1619 .05216 

Brown and Sharpe Standard Tapers 

I M4 246 I. 5009 +5 

2 546 4 I.5009 s 

3 3g 46 1.5009 5 

4 Kio % T. 5009 “5 

5 M4 Keo T5009 5 

6 46 4 I. 5009 5 

7 34 % 3.0019 5 

8 1 34 3.0019 -5 

9 I 1g 3.0019 o§ 

10 ead I 2.9043 5161 
II 1% 4% 6.0038 eS 
12 134 116 6.0038 aS 

13 2 134 6.0038 si 
14 244 2 6.0038 5 
15 234 214 12.0077 a5 
16 3 216 12.0077 as 
17 34 234 12.0077 Als 
18 36 3 12.0077 5 


Split-ring expanding mandrels will hold well, and at the same time 
release freely when the nut is loosened, if given a taper of 3 ins. per 
ft. measured on the diameter. 

The taper required in steam-hammer piston-rod ends and similar 
pieces in order to permit separation and yet hold the parts together 
without keys, as determined at the Crescent Steel Works and shown 
in Fig. 1, is 1 in. per ft. measured on the diameter. The taper should 
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TABLE 9.—S. A. E. STANDARD SPLIT COTTER PINs 


The applications of these sizes are given in Table ga. 


B. W. gage, upper line; 


oeane nominal diameter in inches, lower line 
ee — 13 12 II 10 8 6 n 
moe | Mol Mal Y6al P61 964i 1% al 19% 
i * 
6 
* 
Ko 
VW * * 
5¢ * * 
34 *K * 
% * A * 
I KE * * 
*x * * 
4 
1% ** * A 
13 *K * * 
17 ts A 
15 A * * 
134 ek xk x 
2 2K * 
24 A 6k 
2 aK *K 
3, ** 
274 
3 #XK 
No. drill for 
holesyon. |) 48 36 30 28 21 II 2 


* Short series. ** Long series. A—Arbitrary sizes. 


TaBLE ga.—Apprications or S. A. E. STANDARD CoTTeR PINs 


6 a S. A. E. bolts U. S. S. bolts Yoke and rod ends 
elves . = = : 
> 2 | Pin | Pinlength| 2 | p., | Pin length | Pin | Pin length | 8 
es Dine 5 |_ | sal Dis a | Dia = 
qa Short| Long A "| Short|Long | & | Short] Long A 
He Me | 546 | 1 | 48 
y% ig % 58 | 48 | Ne 16 58 | 481 Ye!] We 58 | 48 
Ao |e | % | 34 | 48] Mo | 56 | 34 | 48 | 342] 1 54 | 36 
34 342 5% 34 | 36 | 342 34 JB | 36 | 342 | 54 34 | 36 
He | 32 56 36 | 342 bc ae 36 | 342 | 34 % 

36 
% 342 34 36 | 342 JB | 136 | 36 | 340 3 I 36 


56 14 I I 


I % 1% | 134 | 28 | %4 | 156 | 2 21 


114 14 | 156 | 2 Tr | 1464 | 134 | 234 | xx 


14 Sale| Tee | 2H ise (BAVA A 246 | xr 
138 1364 | 2. | 214 21 1364] 21% | 234 2 
1% 1364 | 214 | 234 2 | 1364 | 214 | 3 2 


have a length of 3 diameters. 


The enlarged end b 
Within the head. : prevents breakage 


Taper Pins and Their Correct Use 


meter of the work 


and the length of the pin are the same. If the pin is to be cut off 
’ 


use drill C or D according to the end cut off. 
Correctly used, taper pins are capable of far wider 


application 
than they have received. When used under alternati 


ng stresses 


HANDBOOK FOR MACHINE DESIGNERS. AND DRAFTSMEN 


they should be given a key draft—opposing pins taking the mene 
ing stresses. A pair of rods joined together as shown in Fig. 4 will, 
if subjected to alternating pull and thrust, invariably work loose at 
the pins while, if made as in Fig. 5, they will give no trouble. Again 
crank arms subject to alternating stresses and pinned to a shaft as in 
Fig.6 will work loose, while, if pinned as in Fig. 7, they will not. 
The essential feature is the key draft which may be obtained by 
filing out the holes as shown, or, in the case of Fig. 5, the holes may 
be reamed a little too deep for a seat without the key draft and then 
a thin shim—even a piece of paper of substantial thickness—may be 
placed within the coupling and between the rods. The amount of 
opening required is but slight, the only essential being that there is 
enough to insure that each pin pulls positively in one direction only. 
A suitable diameter for the pins is one-third the diameter of the male 
member—two or more pins being used if the stresses call for them. 


TABLE 10.—TotTAL TAPER FROM TAPER PER Foot 


Taper ins. per foot 


Length of tapered 
portion, ins 


| | 
is de t 4 | i pi | ce I rt 
2z|..0002|.0002|.0003|.0007/.0010! .0013' .0016, . 
3s]. 0003).0005!.0007).0013|.0020 -0026, .0031 
t eee aie os Ie Hess .0052, .0062! . 
Zs |. 0010}. OOT5|. 0020). 0039). 0059 — Pee i 
3 . 0013]. 0020| .0026 .0052!.0078 -O104 .0125 
#6 |- 0016). 0024] . 0033). 0065 . 0098 erage 
$ |.0020). 0029}. 0039). 0078,. 0117 -0156, .0187 Z 
75|- 0023]. c034!.0046|. 0091! . 0137 -0182) .0210) 
7 - 0026). 0030]. 0052). 0104.0156) .0208 -0250! . 
S;|Gcacl.ooed wosd nara deen -0234 .o281 
g -0033|-0049).0063}.013.0105] .026a] agra. 
34]. 0036). 005 -90T9- 0843} -O8Ty ea0G) -aaEg . 
2 - 0039}. 0050|. 0078). 0156). 0234 +0312) .0375 
43]..0042|.0063].0085].0169).0254 0330] .0406) . 
% |-0046). 0068). 0091|.0182).0273) .0365| 0437) 
2§|. 0049). 0073). 0098). or05 0203 -03901! .0460 
I 0052]. 0078). 0r04!.0208.0312) .0417| 050 
2 - 0104}. O156).0208). 0417). 0625 -0833) .100 | . 1042] .125 
3 |. 0156). 0234].0312].0625!.0037, .1250) .r50 - 1562] .1875 
4 .0208]. 6312]. 0417|.08331. 125 - 1667} .200 - 2083] .250 
5 .0260|..0301).0521|. r042\. 562 -2083) .250 -2604] .3125 
6 + 0312),0460). 0625). 125 -1875! .250 | 300 -3125] .375 
7 -0365|.0547|.0720].1458).2187| . 2017 -350 3646) .4375 
8 - 0417]. 0625]. 0833]. 1667]. 250 +3333) .400 4167} .500 
9 +0469]. 0703). 0037]. 1875]. 2812 +375 | -450 | .4687| .5625 
Io +0521). 0781). 1042). 2083).3125 +4167] .500 | .5208 -625 -8333)1.0417 
Ir +0573]. 0850). 146). 2202). 3437 -4583) .550 | .5720 - 6875 -O167/t. 1458 


12 |.0625].0037].125 |.250 |. 375 -500 | .600 | .625 | .750 |r. 000 1.250 
13 0677]. 1016]. 1354]. 2708). 4062 -5417| .650] .6771 -8t2sito83alr 3542 
I4 |.0720]. 100 +1458]. 2017|.4375 - 5833) .700 | .7202] .875 I. 1667/1. 4583 


I5 0781}. 1173}. 1562]. 3125). 4687 -625 | +750 | .78r2! .o375/r.250 1.5625 
16 |.0833]. 125 - 1667].3333).500 -6667} .800 | .8333/r.000 I. 3333)1 .6667 
I7 |.0885).1328). 1771 -3542).5312 708 -850 | .8854'1. 0625 I.4167|1.7708 
18 0937]. 1406). 1875].3750). 5625 +750 | .900 | .9375/I.125 T.500 |1.875 
TQ |.0990). 1484). 1979]. 3058). 5037 *79T7| .950 | .98061. 1875 1. 5833/1 0702 


20 |. 1042]. 1562), 2083], 4167 -625 | .8333/1.000 T.O417/I.250 |1.6667/2.0833 
2I |. 1004). 1641]. 2187 -4375|.6562] .875 ix.0s0 I.0037)1.31251.750 2.1875 
22 - 1146). 1719]. 2202]. 4583].6875 +9167 1.100 T.14581.375 it. 8333/2. 2017 
Ir 
I 


23 - TI98/.1797|.2306|.4792|. 7187 -9583 1.150 1079/1. 43751.0167|2. 3058 
24 |-125 |.1875|.250 |. 500 |: 750 |I.000 |I.200 |1.250 |r. 500 \2.000 2.500 


1 Brown & Sharpe Taper (except No, ro). 
2Jarno & Reed Tapers. 

§’ Nominally Morse Taper. 

4Sellers Taper. 


Fig. 8 shows a cheap, neat and entirely successful eccentric-rod 
construction of which the author has made many. The rod proper 


3.000 


is made from round bar stock, without any forge work whatever. 
At the left-hand end, where it enters the boss on the eccentric strap, 


Fics. 4 to 7,—Correct and incorrect use of taper pias. 


it is turned to the largest even size which the stock will hold up to. 
The shoulder a at the right-hand end, is likewise made as large as 


AS 
> 
-—Length---—> tT 


Shortest Length ~ 
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of Pin Only 
emis = Wt: | ia 1s 4 wi 
Aualleers6 | Ser720 |e sos. | .210 250 280 
G No. 27 | No. 21 | No. 15 | No. -5 | No. A No. r 
D No. 29 | No. 24 | No. 17 | No. 8 | No. 1 | No. P 
(G No. 28 | No. 22 | No. 16 | No. 6 | No. A No. I 
D No. 30 | No. 26 | No. r9 | No. 11 | No. 2 | No.G 
(@ No. 28 | No. 23 | No. 17 | No. 7 | No. 1 | No. H 
D No. 31 | No. 28 | No. 20 | No. 12 | No. 3 | No. F 
CG No. 29 | No. 25 | No. 17 | No. 8 | No. 1 | No. H 
D No. 32 | No. 29 | No. 22 | No. 14 | No. 3 | No. } 
GE No. 30 | No. 24 | No. 18 | No. 9 | No. 1 | No. H 
D No. 33 | No. 30 | No. 24 | No. 16 | No. 4 | No. D 
Cc No. 26 | No. 19 | No. 10 | No. 2 | No.G 
D No. 31 | No. 26 | No. rr | No. 5 | No. C 
( & No. 19 | No. 11 | No. 2 | No.G 
D No. 28 ; No. 19 | No. 8 | No. B 
ic No. 12 | No. 2 | No. F 
D No. 20 | No. 10 | No. r 
Cc No. 13 | No. 3 | No.4 
D No. 22 | No. 13 | No. 2 
C No. 14 | No. 3 | No. + 
D No. 24 | No. 14 | No. 2 


Fic! 6. Fic. 7. 


the bar will allow, and the taper between the two ends provides an 
appropriate shape. The eye is a simple cast affair in halves, held 


Fic. 8.—Eccentric rod construction. 


TABLE 11.—REAMER DRILLS FoR TAPER PINS 


No. 6 
Length o. | 7 8 | ta) 2 
Ae Ns 1343 +409 FAO2) | ea500) ol aee706 
G No. P 
Se D No. O 
(ey No. P No. W 
1.000 5 cae ete 
G. No. O No. W 45 
Phe: D-| No.N | No. V # | 
edhe ee | er w | 8 
D No. N No. U # # B 
1.750 Cc No. O No. W 4 * 43 
f D No. M No. U a H 2B 
G@ No. NV No. V 4t 6 $4 
2.000 a Neo E Ne i 7 ss 
erat G No. NV No. V Re ab 43 
D No. L No. T we pea B 
G No. N No. V # at 74 
See D No. K No. S ar a9 a 
G No. N No. U zt a5 wn 
seis’ D No. J BR 21 a3 5 
660 G No. N No. U 2 a5 BR 
Hs D No. I No. R # 33 5 
3.250 Beal Noe eT eae is a # 
D No. H No. Q 33 83 t 
Cc No. M No. S$ we 25 B 
ee D No. G rae 13 a3 5 
c No. M No. T vs &i 8 
cate la D No. F No. P 2 ao 
Ge l= Newt No. T es H rr 
See D t No. O 35 2 3g 
c 15 y 9 
ee D 2h a 8 
c * ii 4 
4.500 5 - < L 
c q 8 
4-750 D rn B 
5.000 iS ce cay 
D Hi # 
eo Cc 34 & 
5-25 D rm ut 
c i 
5-500 D u 
c i 
5-750 D * 
c i 
6.000 D = 


together with studs and having a socket into which the end of the 
rod enters. It may be of polished brass though painted cast-iron is 


Fic. 9.—Knuckle joint construction. 


better. Wear may be taken up by filing the joint, or paper may be 
inserted in the joint before boring the hole. 
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Fig. 9 shows a knuckle joint put together in the same way which 
serves its purpose just as well as much more expensive constructions. 
Like the eccentric rod, the head is preferably of cast-iron. 


Dovetails and T Slots 


The leading dimensions of dovetail slides and gibs may be deter- 
mined in accordance with Fig. 10, and the formulas which accompany 
it, by Jon Ricaarps (A M anual of Machine Construction). 
Two methods of arranging the adjusting screws are shown, of which 
the one at A, with an angular point, is correct, and the one at B, 
with flat end, is wrong. The screw A exerts its power on the line m, 
pressing the surfaces together at m. The one at B exerts its force 
parallel to the faces at , and by forcing the gib into the corner 
opens the joint at 7, defeating the very purpose intended. 

Either of the methods shownin Fig. rz is preferable to the set-screw 
plan. The one at a, consisting of a wedge the whole length of the 
joint, or two wedges, one at each end, can be applied in nearly all 
cases and is reliable in every way. There is full contact of all sur- 
faces, and the rigidity of the joint is not impaired by the gib. 

The one at ¢ is also reliable, but not so rigid as the other and re- 
quires more width for the saddle, which is frequently objectionable. 

Fig. 12 shows a kind of joint, designed by Mr. Richards and em- 
ployed very successfully for the cross slides of engine lathes. Twist- 
ing strains are successfully resisted because of the width between 


a= = or thicker 


b =f or thicker 
= 2A or wider 
tl 

d= 5 

e= 4. to 4 


Fic. 11. ere 


Fics. ro to 12.—Dovetail slides. 


the fulcra at a and e, and the surfaces are well protected from chips 
and dirt. Some layers of thin paper are placed in the joint at G; 
so the screws can be set up hard and leave means of compensation. 

Exact dimensions of dovetail slides and gibs may be determined 
from Table 12 which shows the amount to be added or subtracted 
in dimensioning dovetail slides and their gibs, for the usual angles 
up to 60 deg. The column for 45-deg. dovetails is omitted, as A 
and B are alike for this angle. 

In the application of the table, assuming a base with even dimen: 
sions, as in Fig. 13, to obtain the dimensions x and y of the slide Fig. 
14, allowing for the gib } in. thick, the perpendicular depth of the 
dovetail being 3 in., and the angle 60 deg., look under column A 
for $ in. and find opposite B= .360 in., which subtracted from 2 ins. 
gives 1.640 ins., the dimension x. ‘To find y, first get the dimension 
1.640 ins., then look under the column for 6o-deg. gibs, and find D 
(for C=} in.) to be .289 in., which, added to 1.64, gives 1.929 ins 
as the value of . 

The measurement of dovetails is greatly facilitated by the use of 
Tables 13 and 14 by W. A. Cott (Amer. Mach., June 4, 1914), which 
also include the formulas for use in cases not included in the Asks 

Standard T slots for machine tools are greatly to be deshed, 
Table 15 and the accompanying sections give the well-considered 


Propertions) of Wm. Setirrs & Co., which, providing as they do 
for all conditions, deserve general adoption. 
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TABLE 12.—DOVETAIL SLIDES AND GIBS 


Dimensions in inches 


oe OM Oh de, > 


4 288 350 +420 
$ 360 437 525 
i 433 525 629 
t 505 612 734 
I 577 +700 839 
13 649 -787 944 
It 721 -875 | 1.049 
13 794 962 | 1.153 
I} 866 .050 | 1.259 
12 I.010 55435 1.469 
2 I.154 I.400 1.677 
2k 1.208 1.575 1.888 
24 I.442 I.750 2.007 
23 1.588 1.925 2.307 
3 1.732 2.100 2.557 
34 2.020 | 2.450 2.937 
4 2.308 | 2.800} 3.356 
4} 2.598 | 3-150] 3.77 
5 2.885 3 4.195 | ” 


—e— —242—-—>} 
Fic. 14. 


TABLE 13.—THE MEASUREMENT OF ACUTE ANGLE DOVETAILS 


D 30° A fe 882 | 40° | 45° : 2 50° } 55° : 60° 
‘ : rs. Values of x et. 

a -1478 .1303 -II7I | .1066 .0082 |  .oor2 | 0853 
+2057 -2607 | .23424 .2133 . 1965 -1825 | .1707 
ee -4436 -3910 -3513 3200 - 2047 -2738 2561 
4 -5015 .5214 .4684 | .4267 +3930 | .3651 | .3415 
546 -7393 .6518 .5855 5334 -4013 | .4563 | .4268 
34 8872 7821 7 | | 

4 . 7 - 7026 6401 -S805 | .5476 -5122 
e I.0351 -O125 .8197 -7468 -6878 -63890 | .5076 
ee 1.1830 | 1.04290 .9368 .8535 . 7861 -7302 .6830 
“16 1.3309 | 1.1733 | 1.0540 -9602 8843 -8214 -7683 
5¢ 1.4787 | 1.3036 | r.xr7x1r I.0660 -9826 | .9127 .8537 

| / 

co 1.6266 | 1.4340 | 1.2882 | 1.1736 | 1.0809 | 1.0040 .9391 
ie 1.7745 1.5644 | 1.4053 1.2803 I.1792 I.0953 I.0245 
‘ie 1.9224 1.6047 1.5224 1.3870 | 1.2774 | 1.1866 I.1099 
oe 2.0702 | 1.8251 | 1.6395 | 1.4937 | x 3757 | 1.2778 | 1.19052 
546 2.2181 | 1.9554 | 1.7566 1.6004 | 1.4739 | 1.3601 | 1.2806 
eel 2.3660 2.0858 | 1.8737 | 1.7071 | 1.5722 | 1.4604 | 1.3660 
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TaBLE 14.—THE MEASUREMENT OF OBTUSE ANGLE DOVETAILS 


a Baas | toe | ast |. 0? | gg? 60° 
Values of x 
Yo .0396 .O411 .0426 .0442 -0458 +0475 -0492 
4% .0792 .0822 .0852 .0884 .0916 .0950 -0085 
346 -1188 32233 -1278 .1326 -1374 +1425 -1478 
4 -1584 -1644 .1704 -1768 - 1833 -1900 - 1971 
546 . 1980 .2055 .2130 .2210 +2291 .2375 -2464 
34 2S 77; .2466 +2557 .2652 -2749 ~2851 .2057 
We -2773 2877 -2983 +3004 +3207 +3326 +3450 
46 .3169 +3288 +3409 +3536 +3666 -3801 -3943 
Me +3565 -3699 +3835 -3978 -4124 -4276 -4435 
58 .3961 -4110 -4261 +4420 +4582 -4751 -4928 
16 .4358 .4521 -4688 -4862 .5040 .5227 .5421 
34 +4754 +4932 «5114 +5304 +5499 +5702 +5914 
1346 «5150 -5343 -5540 -5746 -5957 163-77 -6407 
44 +5546 -5754 -5966 -6188 6415 -6652 .6900 
15{6 -5942 6165 -6392 .6630 .6873 yl 27, -7393 
f -6339 -6576 -6819 -7072 +7332 - 7603 7886 


The proportions are based on the use of square-head bolts where 


the size of the head is 13 times the diameter of the body plus $ in. 


They represent three conditions: First, both parts of the slot, that 


Finished 


. SELLERS & Co.’s STANDARD T S Lots 


Dimensions in inches 


fees ess Calla ee | Fr Wie lon} x | Yi 

3 Beal Fs caer § | res] xe] 1 d+7sin | 1.5d+tin. 
Hy 44) 48). § | ree] 2 | tvs] 48) rfe| ¢+sein. | 1.5d+4 in. 
i te] 1% ESELS 4 | uds| | tvs} d+tin. | 1.5d+ 46 in. 
; 45) rts} & | rxXe| 1 r}§| x 1g d+tin. | 1.5d+ 35 in. 
I Iyvy| 14 | 1 ri | 14 | 2 1% | 133] d+}in. 1.5d+ 3% in. 
1} rxs| 144] 14 | 123] 14% | 24] 12 d+ in. 1.5d+ 3; in. 
1} rzs| 1% | 14 | 2% | 13 | 24 | 1% | 2x6] d+ in. 1.5d+ 35 in. 
13 Iqgs| 2a] 13 | 2¢;| 13 | 23 | 14 | 2% d+tin. 1.5d+ 4% in. 


for the head and for the body of the bolt, are finished; second, both 
are rough, thatis, unfinished cores; third, the slot for the head is 
cored and that for the body of the bolt finished. 

In the first two cases the two parts of the slot are, of necessity, 
concentric, and only a moderate amount of clearance is required. 
In the last case the two parts are almost certain to be out of parallel, 
and it is obvious that more side clearance must be allowed for the 
head. As much width as possible without danger of allowing the 
head to turn is therefore provided. 

The consequences of the prevailing confusion of T slots may be 
greatly mitigated by the use of adapters between fixtures and 
machine-tool platens as shown in Fig. 15. Instead of making the 
fixtures with integral tongues, they are made with slots of standard 
width. A pair of adapters for each machine tool having the dimen- 
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sion a to suit the slot in the platen and the dimension 3 to suit the 
tandard fixture slot will enable any fixture to be used on any tool, 

Face plates of lathes, boring mills, etc., should never have 8 or 16 
slots, but 12, which permits the use of either 3 or 4 straps, the former 
insuring against distortion, while the latter is most convenient in 
adjustment. 


Fic. 15.—Adapter for miscellaneous T-slots and fixtures. 


Shaft Couplings 


The accompanying tables, 19 and 20, of flexible shaft couplings 
represent the practice of the General Electric Co. (Amer. Mach., Sept. 
29, 1910). The form shown in Table ro uses flat leather links and is 
self-explanatory. That shown in Table 20 uses two endless belts 
placed side by side on the forms or arms of spiders. The belting 
used is a specially prepared leather which is designed to be used with 
a tension of 400 lbs. per sq. in. of cross-section, the rating being given 
both in kilowatts and horse-power, per revolution. The work per- 
formed by couplings of this kind is greater than would be expected 
of the same cross-section of belting, owing to the absence of slippage 
and the fact that the leather is firmly supported by the other parts 
of the coupling. 

Silent pawls of different constructions are shown in Figs. 20-23. 

Fig. 20 illustrates the principle of a device used with the brake 
mechanism on heavy cranes and hoists in steel mills. The driving 
member A is shown rotating in the direction R, thus driving the 
ratchet B by means of the pawl P. When A reverses and moves 
in the direction L, the pawl is raised until it meets the stop pin F, 
which motion is caused by the change in position of the links D 
and E. The locked linkage now causes the spring clamp G to move 
with it, while the resistance due to its spring tension keeps the pawl 
raised above the ratchet teeth as long as rotation in that direction 
is continued. When A again begins to move in the direction R, the 
pawl instantly drops, as clamp G remains stationary during the 
change in position of links D and E. 

In Fig. 21, the driver A rotates in the direction Z, the pawl P is 
driven by A, through the contact of E at X, the pin B having merely 
moved the pawl about its axis D at the beginning of motion. The 
pin D, which carries the pawl, is itself carried by the sliding block E 
and the extended end of D also passes through an arm of the casting 
G, which latter is an easy fit on the shaft. When A begins to rotate 
in the direction R, the block E remains stationary, while the pin C 
advances against the projecting finger on the pawl P, causing it to 
rotate about D, thus bringing the point above the ratchet teeth. 
At this instant face H of sliding block E comes against the face Y, 
which rotates all the parts except the ratchet as far as the stroke is 
set, the reversal at the end of the stroke again bringing the pawl 
into engagement, and driving the ratchet. 

In Fig. 22, the arm A carrying the pawls PP is made to oscillate 
about the shaft S by a variable throw crank used for changing the 
length of feed. The ratchet disk R, which is keyed to the shaft, 
carries on its hub a split hub H to which is riveted a piece of sheet 
steel D, in which are cut slots YY at an angle of about 45 deg. with a 
radial line; into the pawls are driven pins XX. 

In feeding, the arm A moving in a counter-clockwise direction 
causes the pins XX in the pawls PP to ride down in the slot YY, 


Ox: 

th 
s. 
© 


? KY Relation of Key 
T= Number of Bolts ASS YE to Bolt in all Cases 
U=V 10’Shaft and above 
' to have 2 Keys 
90 apart 
Driving Side 
of Key 
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Taste 16.—Cast-IRON FLANGED SHAFT COUPLINGS 


Dimensions in inches 


Key 
a |s c|> e|r|e|#|s|z|/0 r| |r| 
I 2{ 53] x3] Sjrt | 14] 33 | %| 4 | 4 | 23] HY 3/ 4/4) 4 
1} 23| 63] 1g] i]x8 | 14] 43 | & | ve] F ie % 3 4| vs| oF 
1} Bw lh Bell ee esl ea Zeal 5 fe t | 23) 8) 4) 4) o | de 
1} 3h 72| 28) % |rdh) 28) 52) 3) # | a | 22) t BS 3 3 
2 AalmeSsiorse |e \P4s 3 | Se || ye low (22) Fy se 5) a 4 
2t 43] 9%| 38/r  |ri8] 33] 63 | 2 | xe) as Col ah lg eal ee 
25 5 ry eaARS tH) 32) OF | f | we) § | 24) 3 | 3) 5) e | xe 
2} 53| 10§| 43]r% [138] 43] 78 | | wel e] 3] Ee) 8 5 i $ 
3 6 | 113] 42/1% }24 | 42] 8% | 38) ve] % | 33/2 tin 6) 219 
3t 62/ 12} 43/14 j2t | 43] 82 |] 38] 3] & | 38}z Z| 6) % | a 
33 7 | 123) 5t\tge|2ae| 54] 98 | 78] 2 | 2 | 33/2 Zee OVree are 
3% 73) 133] 5$/r% |2% | s$/10% | % | 4 | 4 | 38/2 Z| Or | 3 
4 8 | 143] 6 |1% [25 EOsS | tellrele al A ire tees -Oltee je 
4% 83] 154) O§|1§ 2% | OF/1rg | 8) ve] 2 | 42/25 | 3) 6]3 | %& 
4} 9 | 16%) 62/12 [2% | 62/124 |r | § | 4 | 43izh | 3] Bir ve 
5 to | 18 | 72/1% |3x6| 721133 |tyv6{ 38] 4 | 48/12 | r | 813 | § 
53 Tr | 193] 8%/276/3% | 8aj15 |r | 2] 4 | 53]2z ) x | 8/13 | 
6 T2 | 2E] 9 |2% |338] 9 [16% |rx%| 78] 4 | siiz# | 13] 8/73 | 3 
62 | 13 | 23 | o2)2% 1348] 93/173 [12 | 38] $ | 62/23 | 14] 8/18 | 
7 14 | 243] 103/25 |4% |103|190 |1ze| % | % | 68/14 | rd} 8]r8 q 
73 | 15 | 26 | 113/2% |4% |rzd/20% |rg | 28) # | Ogix4 | 13] Bir2 | 
8 16 | 273| 12 |3 |4% |12 |arg |ryelrzs| 2 | 74/1$ | 23 812 | F 
8} | 17} 29] 122/33 |s |x2tlecd |rxylre | | 8 (x§ | 23] role | ag 
9 18 | 3t | 133/33 |5% |134|24% |r ye/tas] # | 84/18 | 13] rolxz | 3g 
93 | 19 | 323] 143/3§ |5% |14t/25% |x4 |x] 4 | 83]18 1%| ro]2 ir 
10 20 | 34 | I5 |3% |5i8]15 |262 |1§ |x | 3 | of/23 | 13! role Ix 
TOF | 20 | 36] 15314 |548|153)28% [18 }12 | 4 | o§|x3 | xa! TO/25 |" 
FI 22 | 373| 163|/4% |675/163)204 |1§ |r3 | 4 TOg|Tz | rh] r2/2h Ir 
113 fe 39 | 174/44 ]648|172)30% [13 |x$ | 4 |xo3/tg | rg] r2lok |x 
I2 24 | 40 1 18 [4% [643118 [324 [x2 |xd | 4 Jr TE | 1H) t2\2d |x 


thus forcing the pawls into engagement with the ratchet disks, 
thereby turning the device as a whole. Upon reversal the ; ins ride 
outward until they reach the end of the slots and then drag the sheet- 
steel piece, which has an adjusting screw in the split hub, back with 
them. 

In Fig. 23, a wheel, part of which is shown at A, is given a variable 
back and forth motion, as indicated by the arrows. The friction 
piece B runs in a channel turned through the ratchet teeth, and is 
held by the spring and pin, and operates the pawl b 
coming in contact first on one side and 
hole at a and b. 


The dimensions of wrenches may be obtained from Figs. 24, 25 
and 26 and Table 21. In Fig. 24 one-half the bolt diameter is divided 
into four equal parts by lines abcd. The point where the circle e, 
representing the inside nut diameter, crosses line a locates the first 
center; the point where line fg, from the middle of one side to the 
corners, crosses line ¢ locates the second center; the point where the 
30-deg. line crosses line ¢ locates the third center, the center of the 
bolt being the fourth center. R may be made equal to the bolt 


y alternately 
then the other of the conical 
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TABLE 17.—CAST-STEEL FLANGE COUPLINGS 


Dimensions in inches 


| Horse-power | 
rating per | i oe 
Size of revolution, oe 
shaft with 33,000 | wtight 
Ibs. torsion 
A Bate tee ET | Gene in shaft 
Fi 2 4 2]. 53| 414 3| . 0102 10 
14 2t) 6 be 37) Sei S8l eae aes -0200 13 
1} 23; 6) 3) 1%) 6F #| we, # -0346 20 
1% 3.) Oa, ae a ee 3) -0550 27 
2 33| 8 4| rf] 83) £17 4 | -o82r 40 
23 43] 10 | “Ss | re] 93] 4124 4 1604 53 
3 al exe 6 | 134} rod] 2} 2 3 2770 80 
33 G Tez 6 12 123} 2)? z 4400 130 
4 62] 14 712] 13 [| 2 7 2 6670 160 
43 73| 34) 7 |) ate z4 | eo ga a 9355 200 
ae 
5 8%] 16 8 | 23] 15 13] 2 1.2832 280 
53 9 | 16 8 | 2¢] r6i| ri} % 2 1.7081 320 
6 9%| 18 9 | 22 | 173] 13 | 2 ; 2.2176 410 
6} Io}] 18 9 | 223] 19 |] 13 | 2 |x 2.8105 465 
7 113] 20 | 10 | 3} | 203) 13 | 3 | x 3.5210 595 
| } 

74 I2 | 20] ro | 33 | 213) 12 | 2] x 4.3310 660 
8 123] 24 | 12 | 3} | 223) 12 | 2) 1x 5.2570 840 
84 133] 24 | 12 | 34 | 232] 12 | 2] x 6.3050 065 
9 143) 28 | 14 |] 3388] 253] 2 | $] x 7.4840 1315 
Io 16} 32.) 261 4 27 12 ae 10.2670 | 1650 
II 173| 32 | 16 | 43] 282] 23 |r I 13.6650 1950 
I2 19 | 36] 18 | 4$ | 314] 28 |r I 17.7410 2580 
13 203| 36] 18 | 438] 33 | 23 |x I 22.5560 2070 
14 22.4 40.) 90:7. 5 353] 23 |x It 28.1730 | 3775 
15 237| 40 } 20-] st) 374] 23 |r I 34.6510 | 4320 
16 253! 48 | 24 | 5% | 30%] 33 |xd |] __ 42.0530 5730 


diameter. Angle wrenches, Fig. 26, are better than the straight 
pattern as they may be used in more confined places. 


Jig and Fixture Details 


Fixture cams may be made self-locking by keeping the rise of the cam 
within the angle of repose. Using a mean value for this angle the 
rise of the cam, Fig. 28, for each 9 deg. of arc is given by the 
formula 

x=.005 d 
in which x=rise of cam, ins., for each 9 deg. of arc 
d=diameter of cam, ins. 


When fixture cams are placed on horizontal axes the handles 
should be so placed that their weight will tend to tighten the cams 
as in Fig. 20, and not as in Fig. 30. 

Suitable clearances between punches and dies for accurate work 
are given in Table 38 by E. DEan (Amer. Mach., May 4, 1905). 
The table relates to the blanking, perforating and forming of flat 
stock in the power press for parts of adding machines, cash regis- 
ters, typewriters, etc. 

In this class of work it is generally desired to make two different 
kinds of cuts with the dies used. First, to leave the outside of the 
blank of a semi-smooth finish, with sharp corners, free from burrs 


kK—-—yr—- | 


TABLE 18.—CLAmp SHAFT COUPLINGS 


Dimensions in inches 


Paes celal Re | a se K-| R| S| Weight, lbs: 
Iie Ome AT 25 5 3? 4 | 14 +s 3g/ § 18.7 
It Ty BS. |) Patel 4 ve| 13 ve | Ivs| 4 29.0 
rt 8 54| 3% | 1% | 44 4 | 2 vw | Ide| & 42.7 
1x5 9 Ass | 2d | 45°] | 2t Ye | Ids] 2 57-9 
seer OL Se | TE -5t | 2 | 2} Ye | 1x6] 7 78.9 
Baio ae | 78 4 | th.) 5 ae SE 2S aes ete) et 94.6 
Steen eon eAn Zo Sea) 20) Th} 3 | ae | Tae! 125.2 
See es aoe As | 2a) 54) = | r§ | 32] | tak] 4 149.5 
Saat 54 | OF 42 | 24 1 °6 Std Sk [te Ste cg 181.7 
3 | 15 9%) 5 24 | 6% + E32 | #2) eae # 228.6 
3te | 16 | rot) 53 | 23 | 7 tap mae Wee lee ol ees 277.9 
Ao ecet oO | aoe) 7s i 2 jak | 4d Hb tte| x 389.8 
Aree e201) 528) OF | 3%. |18-) F | 25 [5 [te |) ate 1t 496.7 
TaBLE 19.—LEATBER LINK FLEXIBLE COUPLINGS 
Dimensions in inches 
Pieicusont | Rating per revolu- 
tion with 400 lbs. ; 
‘ Max. Weight 
Bore | | | per sq. in. tensile : 
| . r.p.m. in |bs. 
A|B|cl|D|£|F|__Sttess in belt 
| Kw. | H.p. 
3 ig ifacor 2%| 1} | # . 0012 .0016 1800 24 
I yl aly 4) rt) 4 |4 .0032 .0043 1800 7% 
13 2%| 62 6 | 243] 125] # .0076 . 0102 1800 15 
2 32| 8% 8 | 3ibi714 | 4 . 0149 .0200 1800 27 
2} 44] 94 | 10 | 448] 1x6] 2 .0258 . 0346 1800 43 
3 s jrze | r2 | sth) 14 | 2 .0410 .0550 1800 75 
33 6 |r24 | r2 | 533] rj14 0612 .0821 1800 103 


and with the least amount of rounding on the cutting side. Second, 
to leave the holes and slots that are perforated in the parts as 
smooth and straight as possible, and true to size. The table is the 
result of three years’ experimenting on this class of work, and has 
stood the test of three years of use since it was compiled and it 
has worked out to the entire satisfaction of those who have used it. 

The die always governs the size of the work passing through it. 
The punch governs the size of the work that it passes through. 
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TABLE 20.—LACED LEATHER FLEXIBLE COUPLINGS 


Dimensions in inches 


Rating per revolu- 


Bore Dimensions tion with: woo the. Weight 
per sq. in. tensile Max. | of com- 

ACRE IGE eB: F GNEANT stress in belt 7p plete 

a a a a in lbs. 

| | Kw. | hop. 

I 21 5 | 3) tas) 4h) 225) 4) 4 . 0032 -0043 | 1800 8 
1 | 3 | 83] 4| 138] 4@ | axe] f/x .01492 -02 1500 27 

2 33} 93| 5! 2x6) 126! 378] 4] 2 0258 -0346 | 1500 39 
3 5 |154] 6| 238| 18 | Sze| 2) % - 1196 -1604 | 1200 IIS 
4 62/183] 8] 373] 2%] 53 3 .2066 277 900 1890 
5 8$/243|10] 478] 3x6] 618| 12] $| 4901 -657 750 367 
6 | 98/303|/12) 518] 4%6| 7x6) 13] 2 -9573 | 1.2832] 600 6Ir 
7 |113/37 114) 638| sxe] 8% | 13] 2] 1.654 2.2176 | 450 1033 
8 |123/43 |16) 718] Si] of | 13] 3] 2.627 3.5215 | 350} 1527 
9 {154/49 [18] 833] 638] 0% | 2 | S| 3.9214 5.2566 300 2201 
Io |162/49 |20| 9148] 778] 9% | 2 | $| 3.9214 5.2566 300 2376 
II 181155 |22|/103¢ $3 rogs| 23/1 5.5833 7.4844 250 3171 
12 193/55 |24/11té] Ot8|TOWs| 23/1 5 +5833 7.4844 | 250 3439 
13 212/61 |26|1273|1036|1II x6} 23 7.65901 | 10.2669 200 4485 
14 |23 |6r |28\/1333|1133\|1135| 24/1 7.65901 | 10.2660 200 4831 


TABLE 21.—FORGED WRENCHES 
See Figs. 24, 25 and 26 for notation. 


Dimensions in inches 


D opel Week hed ee T3 Bi. Be 
ah | 3 pi | 1 3 5 
2 5 8 4 | 8 4 8 
5 (eit a eS tee 15 qa 
8 eae 8 4 | 8 16 16 
3 | 1 a. ah 1 3 
7 ere (Gaee T6.- | 16 Tg 4 
z 1 1 5 Bai 1 13 
8 92 2 16 i6 Iq 16 
5 3 1 | 3 a 
I II } 8 4 Ts 8 
5 3 1 7 15 
pA =e 3 | 1 - so 
Tg | 122 8 8 4 13 16 
1 | 3 | 7 5 5 
4 | I4 4 16 i6 13 T 
3 1 3 pi a 5. 3 Gai 
Ig 152 4 16 16 | 14 Tié 
3 1 3 1 
I> 17 T 2 8 Ig Ig 
13 18 $ 2 3 2 175 
3 4 o | 1 1 1 
ths 19 8 i6 16 2% | Iq 
| 1 9 7 1 | 5 
13 20 3 16 16 2% 1i6 
5 1 3 3 
mae 25 I | Le Le 23° Ig 


In blanking work the die is made to the size of the work wanted 
and the punch smaller. In perforating work the punch is made 
to size of work wanted and the die larger than the punch. The 
clearance between the die and punch governs the results obtained. 

Fig. 31 shows the application of the table in determining the 
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d=.1D+.3 in. r=,.2D—% in. 
Fic. 16.—Hand wheels. 


D=.135L+3 in. d=.1L+4in 
Fic. 17.—Ball cranks. 


Fics. 20 to 23.—Silent pawls. 


clearance for blanking or perforating hard rolled steel .o60 in. thick. 
The clearance given in the table for this thickness of metal is -0042, 
and the sketch shows that for blanking to exactly 1 in. diameter this 
amount is deducted from the diameter of the punch, while for per- 
forating the same amount is added to the diameter of the die. For 
a sliding fit make punch and die -00025 to .ooo05 in. larger; and for 
a driving fit make punch and die +0005 to .oors in. smaller. 
accesses The most satisfactory plug cock known to the author is the Westing- 
aoe house construction, Fig. 32, which, almost from the beginning, has 
been a standard feature of air brake equipment. In view of its 
Saeeii entire success there and the universally recognized defects of the 
common Construction, it deserves general adoption. The handle 
is placed on the small end of the plug, pressure on the large end 
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Fic. 18.—Machine tool handles, 
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holding the parts in place and automatically taking up 
wear. The taper is 2 ins. per ft. measured on the 
diameter. For frequent service (rock drill throttle 
valves) the author has used the blunter angle of 3% ins. 
per ft. measured on the diameter in order to obtain 
greater ease of movement. In air brake service security 
against movement is of course essential. Note that 
there must be a hole through the end of the plug to 
admit pressure to the large end, or the plug will not 
seat itself. 


Forming Tools 


When two or more diameters are required on a circular 
forming or cutting-off tool to produce corresponding sizes 
on the work, the difference in diameters of the tool is 
less than the difference on the work, because the cutting 
edge of the tool is dropped below its center to provide 
the necessary clearance. The relative difference in- 
creases as the smaller diameter decreases. The method 
of calculating the diameters of a tool is as follows: 

Ina right-angle triangle, Fig. 35, the short side B equals 
the amount the cutting edge is below the center of the 
tool; the hypothenuse A equals the radius of the tool. 
Find the long side C, which is the horizontal distance 
from the cutting point to the vertical center line. 

From this dimension as a constant, subtract half 
the difference in diameters of work D. Take the remain- 
der £ as the long side of a new triangle, Fig. 36, using 
the same short side B, as before, and find hypothenuse 
F or the new radius, which, doubled, gives the cor- 
rected diameter G for the tool, Fig. 37. 


(Continued on page 287, second column) 
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Fics. 28 to 30.—Self-locking fixture cams. 


Blanking 


Punch 


Perforating 


Diameter of tap = D 
b=24D for double ended wrench 
b=16D for single ended wrench : 
t— d,=D— sin. d,=D-+7ein. 
r=D-+ 7; in. a=D-+ in. 
Fic. 27.—Tap wrenches. Fic. 31.—Location of allowance in blanking and punching. 
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0.050 
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0.300 
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A =radius of cutter, 

B=distance of cutting edge below center of the tool, 

C = distance of cutting point from vertical center of tool=~+/ A2— B®, 
D=half the difference of the diameters of work, 

E=C—D, 

P=V/E+Bi, 


G=2F =corrected diameter. 


Fig. 38, by C. E. Braman (Amer. Mach., Dec. 5, 1912) has been 
calculated from the above equations and laid out for the Brown and 
Sharpe automatic screw machine circular tools. 

The use of the chart is best shown by an example. Required a 
form tool for the piece of work shown in Fig. 39 to be made on the 
No. 2 automatic the outside diameter of the tool being 3 ins. 
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Fic. 32.—The Westinghouse plug cock. 


Depth of washer below top of foundation = 50x diameter of bolt. 
The washers are usually square.) 

A=diam. of bolt+4 in. (for 7 g-in. bolts and smaller). 

A=diam. of bolt+4 in. (for 1- ‘in. to 2}-in. bolts). 

A=diam. of bolt+$ in. (for 22-in. and larger). 

B=width of nut or head across flats + 4 in. to ? in. (square 

nuts or heads usually used on lower ends of bolts). 

C=8 Xdiam, of bolt. 

D=.375 Xdiam. of bolt (not over 1 in.). 

E=.5 Xdiam. of bolt. 
Frc. 34.—Foundation bolt washers. 
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The difference in the diameters of work, .375 and .625=.250; 
the apparent second diameter of the tool=3—.250=2.750; the 
amount to add to the apparent diameter corresponding to the differ- 
ence .250 is found from the chart. Opposite .250 on the scale under 
the heading Difference in diameter is given Amount to add =.0038. 
The corrected second diameter=apparent diameter plus allowance 
=2.750-+ .0038 = 2.7538. The difference in diameters of the work 
.375 and 1=.625; the apparent third diameter of the tool=3—.625 
=2.375. ‘The amount to add to the apparent diameter correspond- 
ing to the difference .625=.0o109. The corrected third diameter 
=apparent diameter plus allowance = 2.375 -+.0109 = 2.3850. 
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Fic. 33.—Rack for bar stock. 
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TABLE 24.—f LES— BENT 
TABLE 22.—MALLEABLE IRoN Cross KNnogs TABLE 23.—HANDLES—STRAIGHT 4.—HAND 


pe = | 
D S : 
ae gs 
; I 
EB 85) Se ees ee 
i i H 
aman 
| A |}ai|c|p\|z|FIeé 
7) ay st) arr | asrr| 37” 
A! _o4 ot s |2 | ie | 28 
” 5/7) an | is” 3 
B Cay, BF ~;’"-18 4 4 3 |2 16 | 2 
a” 
ro | a" | aa" | ed at 
— - _ 3 27 ” 
een cp | er le |e wl gr | oe] a8"| cde a" | 2 | ae 2) a ln” | Blade 33 
1 we 3a” 
Zi 1 3m) 3a ” ai” 
wm || Bar| | onl ae | a an wy” V gh | 2 | 22” | 2” = et be ie" |tz6""| 3% 
a 137 B2 2 16 16 4 16 ee SP ASTY uw 15//|,4ss 
Br aur} tr] 97) srl 977} srr] ass ary is Bu z 3 32 |1s 
16 Ti6 ep? ean |) aa |) Sm |) GH ee 2 , mw | gee liane | 3aer |i ” 
a | 5 5u7A ” 1 TI S| Leh ae ee I - rt 3 I 4 
an |r Bi) Aart arr | grr) grr tg 2 ig 42 8 38 32 4 16 7 ee Sper fee. Ear >. 
8 , az iL 3 PS 
RIAN Sle AMI AIO) VBI SIT | BHT | 98 1h 3" a” ae |e ae 42/15,’ 3" -11 I es |lz a4. cee at 
a 16 32 ” our ” Fada 1” 3 1 
an | 5” air 5/7 ay |yt Ee Pea eS 3 —i0 ‘z a lig a ia 42 
aw ate! ar | an | avr | ae | g 5 i 3 54 44 32 |12 4 5 4 
TABLE 25.—SINGLE AND DouBLE HANDLED WRENCHES TABLE 26.—MALLEABLE IRON KNOBS 
! 1 
er a C cake > 
| 
le | 
\ 
| 
Sizeofhole | A | B | C | D 
2” a 13” =" 3” - 
+" | ra’ | ” ee 2” 
3” 13” i 3” 3” j ws 
i” ri” } 3a" 3" aw 
; I 2 ri 8 i @ 
Single handle Double handle ra” | yn ; ad 
a 16 
4 |[ei|cl|plelFrl|@|H#|x|a|81cC|pD|£|Fl|GlalE ) 
1 : 
a ar A eS Lari | Bry | Dae | caray av ” wv ” Tn| a9 | 19) aw u” en ee 22 ’ 
8 Ig | 32 | i6 | 2 4 2 4 2 2 22 | 9 16 Si ee ae 3 Ive ‘i 
” iv EUAN SSE BUD EWP WP ee eT av BA We) eae) re | ysl as) ge ” ” ” 
I I 32 || 26 || 3 4 2 4 2 24 | 24 19 16 | 8 | 2a i (ia a I¥s : | 3 
1 3 wt Bh) B77. alae LS av 1/r / ur ” TW aur | t 
z T 4 is 3 8 3 a o 23! 32 , Io 4 $ I 4" 4” 3! ri” 3” . 3” 
5 1" 1// 3vr 3/7 yA 1vr lv 1s 
2 42 + a I aM yt a ie 33" 10” gu a be! 4” 44) 3” yi” 3" a” 
Ve 2 ee ee + 
ce Clearance) | t 
LS areas 
x Cah 
»7 g ae 
448 1 ae Dey i. 
<———-——e—_- f eR ee 
TABLE 27.—Two STanparp PuncHES TABLE 28.—Rovunp Dres 
Dimensions in inches i i ini 
ao Dimensions in inches 
a b C d é ian ts ~> . i = oe "< - 2 
idle| se | Clearance a Lal @ aly [eee eee 
3 tc te 6 4 4 23 = | os 005 i nee es a a en eee © i P 
8 2 : 2 3 3 5 * | ° 
1 cls wa pdt WE Poet Sea te a 5 1 1 1 : 32 16 32 +9 4 5 a+ gy t . 3 
ri ST Omeet oes eg 8 | ee ES ee 003 eS | a 3 5 1 1 ° 
9 Et 1 23) 3 1 5 1 4 32 t rt : a+ 2 3 
32 32 <n 8 29 8 Ig 003 mi 1 sy * a z 3 1 1 ° 
ea a oe! i yu i 8 i $ q 3 a+ i | 3 
8 2 8 2 .00 é rt 9 7 7 s | 1 ° 
t 7 2h & ) 71 ue a4 : te 2 "a4 - otes | | 3 
4 8 i : 
4 32 8 2 vs I I | ¢ . at+y | 2 oe 
| 
5 11 3 1 | 
8 Gi econ, I | 19 .00 15 i | 7 } 
i 38) 2 | 1 oe HH rt) | €| oti | a] 3° 
16 4 3 . 00 iv Sis 9 | 
8 deel hie orl ; how Ht] or | a] Bo) oe epee 
16 2 2 .00 1 i 1 7 
i | at] x | x ; ee | Bo) Sh 
2 2 .00 23068 25 1 1 
v # g {2 i ae 1 ; 5 32 4 32 té t 1} % | a+} i / 3° 
2 2 7 3 $ & : a7 
Ele baa ris SR ae zak t | a+} this: ; 
ae 1 1 5 ' 
16 2) 22) aad] Fl 4 003 ; 
7; to % Zz 5 1 
16 2 | 3. 8 IZ 
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Shop Standard 


Table 30. Headless Jig Screws 
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Table 31. Locking Jig Screws 
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Table 34. Square Head Jig Screws 


Shep Standard 


Table 35. Nurled Head Jig Screws 


Table 36. Loose Bushings for Jigs 
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: —-CLEARANCES FOR PuncH AND Dre FoR DIFFERENT 
Standard Punches, Dies and Punch Holders TaBLE 38.—CLE fe 
By A. C. Crate (Amer. Mach., July 4, 1912) THICKNESSES AND MATERIALS 
ae rr eae f Clearance for | Clearance for | Clearance for 
’ H i 4 
| ray oe i : brass and soft | medium rolled | hard rolled 
1 SaaS : 4 
4 : F] ii lee stock, In. steel, in / steel, in. steel, in. 
Lag ane as ae O10 0005 .0006 . 0007 
ote .020 O01 .OO12 . OOI4 
.030 -OO15 .0018 0021 
fo 040 .002 .0024 0028 
Min 050 +0025 - 003 0035 
| 060 003 - 0036 0042 
meg 070 0035 0042 0049 
_————— 080 004 .0048 0056 
TABLE 37-—PuNCcH HOLDERS 090 0045 ones 0063 
Dimensions in inches da .005 006 007 
> Se eee ee: 
gy tod | 24 | 16] 3 | eh Re | 3 | $ | 60° | Z| 16 IIo .0055 0066 0077 
° 
a} | xs| 4 z 2 PY & 2 | 60 i | 16 I20 .006 0072 0084 
I30 .0065 0078 OOgrI 
a bic 4 dake pet gle | i [ele mee o 140 007 0084 0098 
gy & 1 | 
# tod | 24 7 3 a $ es} 3 2/20 150 0075 009 ) OI05 
is to 3 23 461% | a3 | 8 | ae | 2 $20 
2togs | 23 zee ce : 3 ‘ Ig ,10 160 .008 0096 | OII2 
3 5 AS aly 3 2a 
a toys | 3 £ 3 | 32 8 8 ; ; 20 170 .0085 O102 OrI9 
i Be Mote ite | iaeh ta) aes te T4|10 180 : . 
009 o1ro8 o126 
an) 48 | 3 | a2] 2] 2h | xe 14|r0 
I 3 16 26 8 8 4 2 4 oe 190 . 0005 .O114 0133 
eS : 200 oro -O12 / O14 
bk-m— | 
‘ roe aiaes te 
TABLE 39.—HOLDER FOR LARGE PUNCHES 
Dimensions in inches 
a joleldlelflelnlaleltlml n lolelalr| s |+|u 
Jxalzael 21 xl al 2i #| slaelral al 30° laelas| altel 4” 12 thr’d | 31 3 
Miscellaneous Small Parts 
t~e— - —] —— + 
Byes 
x ©. CC 
ie 
- ys ~~ : 
Pin eee eal { 
a . - f 
iS Ce Bs 
«Drie ame gmc tana o 
bee = = Ge sy 
TABLE 40.—SMALL KNUCKLE JorntTs 
Dimensions in inches 
Pin A B Cl Dp ee 
| S = mat i Rope) ae Pn |4|B|Cc|D|E|F |G@lals7| x 
3 i i 37 i6 16 3 3 —40 +) x i | wd wl Aly 
eee irk) ey oe) ae ee to o[ tlt a) al oe) wl | Al EF] suo 9 
meet ot Hy) ) ob [es2 | a] OB) te Alt] al Bl Hl be 
16 8 16 2 7 I 4 10-32 as 3 4 | a 1 a2} 2 BY 
1 ; rs 5 r 5 ; : | T 4 3 32, ¢ a )t 10-32 
ts Fay sora et eas a es A i 4) flrs) we) wel a] oe) glk] p20 | 9 
16 a 3 hd 5 : 
8 8 T3 8 16 vs $ 2 | 1} 3 ¥s| 3 | ae 1} vs 
3 3 ph 1 1 / 
8 4 23 is > yi 3 a 3 | 
is PERT oad op asl | eee i t) b) at] el we) 2] b] re} rt] 3 
8 276 2 is | Iq 2 rh ths " * > 
A 16 4 i6 ts Se 2z 4 1 z a) ett 
3 I 23 28). 5 or 1 5 4 8 i6| Ize] 2 is . 
16 8 8 24 Ig 2 3 I rd | oF |) Sieh Sale ees 1 
; 1s 3 13 15, 3 5 5 8 4 i6 a2 16 : 1$ 21 3 
: 4 16 Ti6 24 Ig . 3 12 r= 3 a niles i3 15 
to [a ae GA ay Hi te Py rh) |B) wel nie) at att] ot |e 
16 3 4 z g Ig | Ig i 4 13 18 | 27; 3 3 
3 1; i 1 " | 1 | 
el Ti¢é 276 | 37 2h qt 1 1 
I 24 ce ees eye ea ee 3 a ee I | ye] Tit} res] axe] 34] F 
z 7 16 | 4 | 23 I r 2k | 2% 1} 8 | Ty | 1ys| 233] 4 
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Tapre 41.—3. A. E. Yoke ann Eve Rop Enp STANDARDS 
Dimensions in inches 
Rod Ends Adjustable Yoke Ends 


4 
4 


i 
| 
a 


Is 
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B D E G 
r i : 2 i 
we vs 33 % ve 
14 i 4 i 2 APIS Ze bo ea eee T 
1} ve ié 2 we I1¥6 16 1 es ie ie | we ve 
1% 2 6 16 3 Cy Bla Sy 
2 16 3 If 37 3 ri x 
28 ALAM 
2} 3 I iv | i z v6 v6 
i 24 ALAM 
5 Us 24 ALAM 
23 33 1} 1g 2 I is Ts 
20 ALAM 
3 is Iz | 1% 16 13 2 3 
20 ALAM 
i ee ss Dede | Om eG 
1% vs 3 Ts ve Te v6 
1} t 1% 3 32 3 i 
2 vs 13 i % i te 
a | t | we | Hi] w& | ¢ | 4 
2} Ts 12 I 2 1 6 
25 2 15 1% 6 1% 2 
TaBLe 42.—RounD AND Hrxacon Heap Stups For Cam Rotts, Levers, Etc, 
Dimensions in inches 
Hanu Engineering Co., (Amer. Mach., June 6, 1912) 
agin nee 
ad 
: ' 
Nom. size Lz | di | a4 | Thread Nom. size Ls | di | a Thread 
Z vs | 33 | fe | 4 X24 a ve | 33 | te | 2 X24 
ve $ |% | we | % X24 v6 © re) Foxe 
3 % | te | ws is X18 3 | ve | vs is X18 
Ts 41a | | # X16 is 3a | se | & X16 
2 2 133 | ao | vexX14 4 i | 3 | | vex4 
3 1 | ds |0.5640.623) 33 | % | % | 2 X13 § 138i | & |0.423/0.623] 3 | % | 2 | 4 X13 
i 13§ | gz |o.627/0. 748] 78 |1 t | teX12 i 13i | vx 0.470\0. 748] t§ |x i | ieX12 
q 1$3 | a5 |o.690/0.873|176 tds | fs | $ X12(17) 4 r4i | $y lo.518|0.873|1a5 |tses | os | $ Xr2(r1) 
I 24 | 2 |0.752/0.998|14 las | ve | ¢ X12(10) I r$§ | 24 1o.56410.998|1% |xrvs | os | & X12(r0) 
1} 238 | 2 |o.877|1. 248\t¥5 |78 | $ |r Xx2 (8) 1} 2h | 2 Jo. 658!z. 248i1 |r8 | 3 |r X12 (8) 
14 23 | 3 |z.002|1.498|tzs |ts | $ | 1% X12 (7) 1} 23t | 3& jo. 752\t.498|tze [tg | $ |1t X12 (7) 
x3 3¢z | He |t-127|1.748|18 jas | Ze | 12 X12 (6) 14 ai | ef [o.8451t.748 18 |2r6 | re |12 Xr2 (6) 
2 3x6 | 3 |z.152/t.998|138 23 | 3 | 1% X12 (5) 3¢a | St |t.189|t.998\276 |23 | 3 | te X12 (5) 


TABLE 44.--CAST-IRON Rock ARMS 


TABLE 43.—CAM ROLLERS 


.- - 1 oe g 
Dimensions in inches Dimensions in inches = 
il | Rae eee dpi) a Nomsize] D | C | Li | Tap Ze 
n i 3 BE is A Z rs i a i ® | rc} 
1 is Red oy a I te is Z bya 4% is ; 
3 3 16 ea yy 1g $ 3 t ie X18 is 
ve s | # | a | # | 2 wo | mw |: | # | tx | 
3 3 3 3 2 14 3 3 176 3 X14 ts 
3 $ 16 cra 33 13 3 3 Iz is 2 X13 BR 
i iz 3 ed 137 1% i z 13 = ieX12 2 
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PRESS AND RUNNING FITS 


The tolerances and allowances suitable for running fits formed the 
subject of a report by the British Engineering Standards Committee, 
rendered in 1906. This report was based on an exhaustive investiga- 
tion, nearly 800 pieces of work from 13 engineering heer 
having been measured in order that the final recommendations nee 
fairly represent. commercial work. The recommendations of the 
Committee were presented in both tabular and graphic form, the 
latter reproduced, by permission, in Fig. 1. ; : 

The Committee define tolerance as “a difference in dimensions pre- 
scribed in order to tolerate unavoidable imperfections of workman- 
ship”; and allowance as ‘“‘a difference in dimensions prescribed in 
order to allow of various qualities of fit.” 

The Report also says in part: : 

“For general engineering practice, the Committee have laid down 
three classes of workmanship, viz.: First class; second class; third 
class . . . . . For special cases in which a very high degree of 
accuracy is required, the Committee have laid down a class of work- 
manship having ‘extra fine tolerances and allowances.’ This class 
is carried up to 3 ins. in diameter and is intended for cases in which 
extreme accuracy is necessary. 

“For running fits the Committee are of the opinion that, wherever 
possible, the shaft should be the element more nearly approaching 
the true dimension, and allowance be made on the hole according to 
the class of fit required. The tolerances on the shaft are negative 
in order that it may never exceed its true dimensions... . . 
Limit gages adapted to such a system may conveniently be referred 
to as applying to a ‘Shaft Basis.’ The reverse system may be termed 
a ‘Hole Basis,’ and allowance is then made on the shaft. . 

“Tn those cases where it is found necessary to adopt the ‘Hole 
Basis,’ the tolerances specified for shafts and holes respectively may 
still be employed, and the standard allowance applied to the shaft 
instead of to the hole, the minimum diameter of the hole being accu- 
rately its nominal diameter.” 


Straight Press Fits 


The allowances for and the tangential fiber stresses in the hubs due 
to straight press and shrink fits may be obtained from F igs. 2 and 3 
by Pror. A. Lewis Jenkins (Amer. Mach., Mar. 4, 1915) which 
provide for all con:mon combinations of materials. These charts 
are the results of a critical study of data from several hundred fits 
which have been accumulated during many years by the Lane and 
Bodley Co., the Laidlaw-Dunn-Gordon Co. and others, combined 
with mathematical analysis, which it is unnecessary to repeat here. 
The use of the charts is explained below them. 

The work from which the charts were deduced was of customary 
workmanship, that is, turned shafts and bored holes. For ground 
shafts and reamed holes much smaller allowances must be used—not 
over one-half those suitable for turned shafts and bored holes. 
Similarly, turned shafts in reamed holes or ground shafts in bored 
holes should have three-fourths the allowances suitable for turned 
shafts and bored holes. The effect of ground shafts and reamed holes 
in increasing the pressure required for a given allowance is well 
established by experience and should not be ignored. 
due to the perfection of the surfaces and of the resulti 
the elimination of the hills and valleys of work mad 
tools. The measurements of turned and bored wo 
over the high spots, ignore the influence of these irr 
view of these irregularities the author has doubts abo 
of the chart for the tangential hub stress. 


It is obviously 
ng contact and 
e with cutting 
rk being made 
egularities. In 
ut the accuracy 
This chart is necessarily 


based on the assumption of perfect surfaces and it seems reasonable 


to expect that the stresses given by it would be experienced with 
ground and reamed surfaces but not with tooled surfaces. The error 
in the latter case, however, would be on the safe side. It would also 
seem best to taper the plug one-half the allowance in order to avoid 
the scouring out of the hole at the entering end, an action that leads 
to the poorest grip at the shoulder where the best is needed. This 
tapering of the shaft, however, is not commonly done. 

The character of the lubricant used is well known to have consider- 
able influence on the forcing pressure. The lubricant used by the 
Lane and Bodley Co., who supplied most of the data from which the 
charts were deduced, was linseed oil and white lead. 


Suitable pressures to aim at are 5 tons per in. of diameter of . 


plug for cast-iron hubs on steel shafts and 1o tons for steel hubs on 
steel shafts. 


Taper Press Fits 


Taper press fits have found favor among leading manufacturers 
because of their simplicity and surety. The taper is small—usually 
/¢ in. per ft.—and does not in the slightest endanger the security 
of the work. The travel, or distance, the plug is forced into the ring 
by the pressure is a more satisfactory and practical criterion of the 
surety of a taper fit than the pressure itself. For this reason satis- 
factory records of taper press fits may be had even when they are 
made with a screw or knuckle-joint press. 

The members of a taper fit may be placed together and the surfaces 
corrected to any degree of accuracy desired, thereby eliminating the 
necessity of making delicate micrometer measurements. The lubri- 
cant on a taper fit acts very effectively, and the possibility of scoring 
the surfaces in pressing is slight compared with the danger when 
making straight fits. The members of a taper press fit are easily 
centered, and accurate alignment is obtained at the beginning of the 
pressing operation. 

Straight press fits have the following objections: They are difficult 
to measure accurately in fitting and difficult to lubricate satisfactorily 
when of considerable length; the surfaces of the members are likely 
to be scored in pressing; the operation requires extreme care on the 
part of the operator in starting and while pressing on, and the crite- 
rion of good design and workmanship is the total pressure required. 
This can only be determined with any degree of accuracy by using 
a hydraulic press. 

Professor Jenkins has extended his analysis and examination of 
data from shop experience to taper press fits (Amer. Mach., Feb. 17, 
1916). These data show a much greater variation in the pressure 
required than was found in making a similar analysis of straight fits. 
This is accounted for by the fact that the data on taper fits cover a 
greater variety of work, were taken from a greater number of sources 
and have greater personal and instrument errors, and the kind of 
lubricant used has a greater effect on the coefficient of friction for 
taper than for straight fits. 

In particular the lubricant has been found to have such a great 
influence over the pressure required in making taper press fits that 
the tonnage cannot be depended upon as a criterion. 

The lubricant is trapped between the surfaces and if it is not too 
thin, it is practically impossible for it to be squeezed out or scraped 
off. There is some tendency for the lubricant to be scraped off near 
the ends of a taper fit, but even over the small portions of the length 
at these places the conditions are no more severe than exist through- 
out the complete length of a straight fit. When a heavy paint made 

(Continued on page 296, first column) 
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of linseed oil and white lead is used as the lubricant, the average 
tonnage required for a taper fit is between one-half and two-thirds 
that required ror the average straight fit of the same allowance and 
proportions. 

The allowances and the tangential fiber stresses in the hubs due to taper 
press fits may be obtained from Figs. 4 and 5 which are by Professor 
Jenkins and give the results of his analysis. Owing to the variation 
in the pressure required because of the effects of the different kinds 
of lubricant used, the values found for the pressure required may be 
considerably greater or less than the actual 
pressures. They represent average values when 
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a result that, with the taper of 7g in. per ft., can be found only by — 


calculation. ; 
Fig 6 shows a form of gage for large taper holes which Mr. Thomas 


prefers to full plugs. They are much lighter than full plugs and 
with them the holes can be gaged independently on different diam- 
eters and irregularities in the holes detected. Fig. 7 shows Mr. 
Thomas’s method of gaging the largest holes, the angle of taper be- 
ing greatly exaggerated. At the left of the hole is a carefully made 
strip of steel with an upturned end and a row of holes down the 


ZARARSESBS 
22 SS oe 020 


a lubricant of white lead and linseed oil is used. i aca a Bora. 
As the taper fit system is used at the works of ee | ana 


the Westinghouse Machine Co., a useful simpli- 


fication has been effected by a slight modifica- 
tion of the taper, due to J. B. Thomas, chief 


inspector of the works (Amer. Mach., Aug. 4, ay 
1904). The change in the taper is from }; or 


.0625 to .o6 in. per ft., or .oog in. per in., and 
from } or .125 to .120 in. per ft., or .or in. per 
in. measured on the diameter. The result of the 


the diameters at each successive inch of length 
of a hole of 10 ins. diameter at the large end, 


Diameter, Ft. 
=“ ao 

in 
ae 
ial 
if 


the dimensions in the first column being car- 
ried to four places, while in the second they are 


change in the smaller taper is seen in Table 1 of 
—= 
A 


carried to three, where they stop. 


- JG 


IPIGH Os 


Diameter, Ins, 


Fics. 6 and 7.—Gaging taper holes. 


The slight and otherwise unimportant change 


in the taper will be seen to lead to round 
figures for each inch of length, the figures in the 


second column being much more easily read from 
the micrometer than those in the first, while, by 
subtracting from the large diameter five times as 
many thousandths as the piece has inches of 
length, the small diameter is obtained directly, 


TABLE I.— DIAMETERS AT Eacu Incu or LrenctH or TAPER Press 


Firs 
Taper 75 in. per ft. 7 7 heel’ 2 Taper .06 in. per ft. 

Io Io 

9.9948 9.995 
9.9896 9.990 
9.9844 9.985 
9.9792 9.980 
9.9740 

9.97 
9.9688 9 gt 
a es = ae Ses = 


Fic. 8,.—The General Electric Co’s pr 


actice in allowances for sliding, press and shrink fits. 


center, spaced r in. apart. The strip is used in connection with an 
Inside micrometer, as shown. The measurements are not made 
perpendicular to the axis, but as indicated by the dotted arc. One 
end of the micrometer being located by a hole in the strip, the 


other is manipulated precisely as though the hole were straight 
the frequent spacing of the holes in the strip permitting the hold 
to be gaged for uniformity of taper. The dimension thus gaged at 
the large end is the one given on the drawing as the true diameter— 
the microscopic difference between the dimension as called for and 
as made being of no importance. 


T he allowance for pressing home is .or in. on all diameters from 10 
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The standard Westinghouse lubricant is 1 lb. of white lead to 14 
pints of linseed oil. 

One advantage of the taper fit is that the plug may be entered in 
its seat and the two compared directly, whereas, with parallel fits, 
the comparison can be made with gagesonly. Thus compared, the 
distance remaining for pressing home forms the best possible check 
on both pieces. Thus, with the taper of .oos in. per in. and an 
allowance of .or in. for pressing, the plug should enter the hole 
within 2 ins. of home, or, more generally, the distance by which the 
parts should not go home, when they are assembled without pressure, 
should be 1 in. for each five thousandths of pressing allowance. 

The practice of the General Electric Co. in allowances for sliding, 
press and shrink fis is given in Fig. 8, by Joan Rwwpett (Trans. 
A.S.M.E., Vol. 24). Mr. Riddell said: 

“There are many things to be taken into consideration in laying 
out these tables and diagrams: First, the relation of length of bore 
to diameter. In our case the length of hubs of armature spiders 
is sometimes several times the diameter; but the actual bearing 
surface is about equal in length to the diameter, on account of re- 
cesses in the hub. Second, the outside diameter of hub. My dia- 
gram is laid out on the basis of the hub being twice the diameter 
of the shaft. Third, the nature of the materials. Fourth, how and 
where the parts are to be assembled; if they are to be assembled where 
a suitable hydrostatic press is available, more allowance can be made 
than if the parts are to be put together by the use of bolts and straps. 

“My diagram is based on actual experience extending over a 
number of years, and is eminently satisfactory. 

“There are five curves shown as follows: The left-hand one on the 
"minus side of o line shows allowances for sliding fits. I mean by this 
such fits as are not loose or free like a running fit, but one that will 
just slide without any perceptible play. The next curve is on the 
right or plus side of the o line and shows exactly the same allowances 
for tight fits, for parts with light hubs, such as commutator shells, etc. 
The third curve gives somewhat greater allowances, and is used for 
steel hubs. The fourth is for our regular armature spiders having 
solid cast-iron hubs. The fifth shows the amount we have found to 
be correct for shrinkage fits, and for such heavy articles as couplings 


Fic. 9.—C. W. Hunt Co.’s gage for taper press fits. 


These allowances for press fits of armature spiders are for assem 
bling in the field where equipment of limited capacity must sometimes 
be used. They are, therefore, smaller than the allowances that are 
customary in such work as engine cranks and crank pins. 

The practice of the General Electric Co. in allowances and tolerances 
for journal fits is given in Table 2. 

The practice of the Brown and Sharpe Mfg. Co. in allowances and 
tolerances for ground fits is given in Table 3, by W. A. V1ALt (Trans. 
A. S. M.E., Vol. 32). 

The practice of the Brown and Sharpe M. fg. Co. in allowances and 
tolerances for shafts rough turned preparatory for grinding, is given in 
Table 4 by W. A. Viatt (Trans. A. S. M. E., Vol 32). 

The practice of the C. W. Hunt Co. in allowances and tolerances 
or fits is given in Tables 5, 6 and 7 (Amer. Mach., July 16, 1903). 

Table 5 gives all the particulars for press, drive and close or hand 
fits for parallel shafts ranging between 1 and ro ins. in diameter. 
The holes for all parallel fits are made standard, except for the un- 
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avoidable variation due to the wear of the reamer, the variation from 
standard diameter for the various kinds of fits being made in the shaft. 
This variation is, however, not positive, but is made between limits 
of accuracy or tolerance. Taking the case of a press fit on a 2-in. 
shaft, for example, we find that the hole—that is, the reamer—is 
kept between the correct size and .oo2 in. below size, while the shaft 
must be between .oo2 and .003 in. over size. For a drive or hand 
fit the limits for the hole are the same as for a press fit, while the 
shaft in the former case must be between .oor and .oo2 large and 
in the latter between .oor and .oo2 small. 

Table 6 gives in the same way the allowances for parallel running 
fits of three grades of closeness. The variations allowed in the holes 
are not materially different from those of the preceding table, but 
the shafts are, of course, below instead of above the nominal size. 

Table 7 relates to a feature of the Hunt Company’s practice, 
where the preferred practice with press fits is to make them taper, 
the taper used being the Hunt standard of 33; in. in diameter for 
each foot in length. With fits of this character the usual practice 
is reversed, the variation in diameter being in the hole, while the 
shaft is kept to standard size. The holes are made with standard 
reamers, which are maintained at the standard taper, and in each 


TABLE 4.—BRowNn & SHarre Mere. Co.’s Practice IN TOLERANCES 
AND ALLOWANCES FOR SHAFTS RouGH TURNED PREPARATORY 
FOR GRINDING 


Size |Not go on| Go on Size |Not go on| Goon || Size | Not go on|Goon 
Ins. Ins. | Ins 
4 383 .387 a5 -9455 | .9495|) 14 £.508 || 1.552 
is -4455 -4495 I 1.008 |1I.012 1% 1.5705 |1.5745 
4 .508 .512 lis 1.0705 lr .0745 1§ £633) WE.O37 
te -5705 -5745|| 1% E5133. (2.537 tite 1.6955 |1.6995 
§ .633 .637 igs I.1955 |1.1995|| 1% I.758 |1.762 
cry 6955 -6995 1} E.258 (e269 r# 1.8205 |1.8245 
3 758 2702 Is 1.3205 |I.3245 1.883 |1.887 
ts .8205 .8245|| 1% 1.383 |1.387 ris 1.9455 |1.9495 
t .883 .887 Ii I.4455 |I.4495|| 2 2.008 |2.012 


case are sunk into the work to a point determined by Table 7 and 
defined by an adjustable stop gage, which abuts against a machined 
face on the work. A plug gage, shown in Fig. 9, is ground to the 
Hunt taper and to the exact diameter at the zero point A. It is also 
graduated at intervals of 7g in. of its length as shown. : A taper 
of 33s in. per foot is, very closely, yoyo in. for each yg in. of length, 
and each division on the scale thus represents very nearly yoyo in. 
difference in diameter. One of these intervals is called a “‘P”’ and 
is so entered on the drawings. 

All shafts for taper fits are turned to within plus or minus toyo 
in. of the nominal size at the large end of the taper. The taper 
reamer is then sunk in the hole to such a depth that the hole at 
the large end is small by an amount indicated by the table. Thus 
for a 2-in. press fit the plug gage must enter the hole to sucha 
depth that its large end registers between the6 P and 7 P mark, 
indicating that the hole is between to'sy and to'x7 small. The parts are 
then pressed together until the true sizes match—that is, in the case 
of the 2-in. fit, the parts would be pressed between z's and 7 in. 

In case the shafts and wheels thus fitted are not driving members, 
no key is used, the grip of the press fit being found to be all sufficient. 
In case they are driving members, the shaft is keyseated for one 
or more Woodruff keys, the key being placed in position before the 
parts are pressed together and being entirely hidden when the work 
is done. 

In all cases the tables apply to steel shafts and cast-iron wheels or 
other members. In the right-hand columns of the tables the formulas 
from which the allowances are calculated are given, and from which 
the range of tables may be extended. 
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Tarte 2-—-GENERAL Exxcrric Co.’s Practicr IN ALLOWANCES 
AND TOLERANCES FOR JOURNAL Fits 
: | Axle linings 
A Bearings ope sa. 
urna 
5 ‘ Horizontal Vertical Step ue 
a J ies 1! ite 
a3 | lay de ae es as 
BS 8 cI 8 & - g & . $ Oo) Min 5 o 
2G | Max. oz | Min. Jo | Min. fo eg pe 25 pore, 2 6 
§ diam., age bore, 28 Pee oo ins. rae ins. a9 
J ins. |S@q0| ins. |S'e ins. ga £3 B24 
BE Bao o Su ofu 
oa § gf One 286 £85 
zis, fsa] eee] ee] | SP 
z | .375|.0005| .377| .o01| 376] .001/ .3755].0005] .380) .004 
+ .500|.0005| .502| .oor| .501| .001| .5005/.0005) .505| .004 
£ .625|.0005| .627| .001| .626] .001] .6255/.0005} .630) .004 
3 .7§0|.0005| .752| .OOI| .751] .OOI/ .7505/.0005) .755) .004 
t .875|.0005| .877| .0o1| .876] .oo1| .8755)/.0005] .880) .004 
I I,000].0005| 1.002] .001| I.00I] .OOI| I.0005|.0005/1.005) .004 
I} | 1.125].0005} 1.128] .OOI) 1.127) .OO1 1.126 |.0005|1.130] .004 
It | 1.250].0005] 1.253] .O01| 1.252} .OOT| I.251 |.0005|1.255| .004 
1} | 1.500].0005] 1.503] .001| 1.502} -OOI) I.50I |.0005|/1.505} .004 
rz | 1.750|.0005] 1.753] -OOI] 1.752] .OOI| I.75I |.0005/1.755| .004 
2 2.000].0005] 2.003] .O00I| 2.002] .OOI] 2.001 |.0005/2.005| .004 
2} | 2.250].0005| 2.253] .001| 2.252] .OOI] 2.251 |.0005/2.255) .004 
2} | 2.500].0005| 2.503] .001| 2.503} .OOI] 2.501 |.0005/2.505| .004 
2% | 2.750].0005| 2.754] .002| 2.753] .002] 2.7515|.0005/2.755| .004 
3 3.000].0005] 3.004] .002|/ 3.003] .002] 3.0015).0005/3.005) .004 
33 | 3.500].001 | 3.504] .002| 3.504] .002] 3.5015|.0005/3.507| .004 
4 4.000].00I | 4.005] .002] 4.004] .002]} 4.002 |.00I |4.007| .004 
44 | 4.500|.001 | 4.505] .002| 4.504] .002] 4.502 |.00I |4.500| .004 
5 5.000|.00I | 5.006] .002] 5.005] .002| 5.0025].001 |5.000| .004 
54 | 5.500|.002 | 5.507] .002/ 5.505) .002) 5.503 |.00I |5.511| .004 
or6, 6.000].001 | 6.009] .002] 6.005] .002] 6.003 |.001 |6.011| .004 
L7. 7.000|.00I | 7.0II| .002] 7.006] .002] 7.0035|.001 |7.012] .004 
8 8.000].001 | 8.012] .003] 8.006} .003} 8.004 |.002 |8.013] .004 
9 9.000].001 | 9.013] .004] 9.007] .004] 9.0045].002 eailaue.can 
XO |1I0.000].0015|10.014| .005/10.007| .005/I0.005 |.002 |.....]...... 
I II.000|.O0I5|1II.015| .005|II.008] .005/11.0055|.002 |.....]...... 
12 I2.000| .0015|12.016] .005|12.008] .005/12.006 |.002 |.....}...... 
13 13.000] .0015|13.016] .005/13.009| .005/13.0065|.002 |.....|...... 
I4 |14.000].0015|14.016] .005|14.009] .005/14.007 |.002 |.....]...... 
I5 |15.000].0015|/15.016| .005|15.010| .005|15.0075|}.002 |.....]...... 
16 16.000].0015}16.016| .005/16.010| .005/16.008 |.002 |.....]...... 
17 17.000] .0015|I7.018] .005/17.01I] .005/17.008 |.002 |.....].... : 
18 18.000].0015/18.018] .005/18.0L1] .005/18.008 |.002 |.....|...... 
I9 {19.000].0015)19.018] .005/19.012| .005/19.008 }.002 |.....]...... 
20 20.000} .0015|20.018] .005/20.012| .005/20.008 |.002 |.....]...... 
2I 21.000] .0G2 /21.018| .005/21.013] .005/21.008 |.002 |.....]...... 
22 |22.000/.002 |22.020] .008/22.013| .005/22.008 |.002 |..... : 
23 123-000) .002 |23.020] .008/23.013] .005/23.008 |.002 |.....]...... 
24 |24.000/.002 |24.020) .008/24.013| .005/24.008 |.002 |.....]...... 
25 250000035) 255020) OOS) sie as linireiecliiivist ve ieleueellereccls cance 
BORE 205000), 00351 265020]/8- 008) srr | accents viele feell oie clin ae 
27 ACI SOB} | EfoOR EA ER Sis oo| ho obdllMsouoenloosolloane dena. < 
AS PB Geel Ey Serr cee one aalioo aeallonouoonllancoullnacndlinec ee 
29 BOR O20 100 59) 200222008 | eiereyer-tallavajeroncllay sie cise tereliorenieliea eee 
BO Ose SOR KIOMCE EI llc up Soller ooulowmocnd(eca adsl colle ees. 
31 SE SMTUO COES MOE atletl soatnol to aoollobooog.|coucullaun aalsaran«- 
SAME | SOO | 0054| 3 2tsO2 4} ee OLO || teterstira'| ictal is «ll storermeerenrlierenmere | ameretncic cee 
Sm |55000)50039 13450241 Se COLON it.te1|-sieie< erent eeel mine tha ae . 
hae {BHI USSR RV Iee Ya ooh Anson ericd doce som Inoonclhensn (ia. 
35 35.000] .003 |35.024| .oro|......|/... alienate Sees eae col 
36 |36.000].003 36.024| .or0 a 


TABLE 3.—BRowWN AND SHARPE Mrc. Co.’s PRACTICE IN ALLOW- 


ANCES AND TOLERANCES FOR Fits 
RUNNING FITS—ORDINARY SPEED 


To 4-in. diameter, inc.............. .00025 to 

To x -in. diameter, inc.............. -00075 to 

To 2 -in. diameter, inc.............. -0or5 to 
ets: : 

To 33 in. diameter, inc......... -0025 to 

To 6 -in. diameter, inc.............. .0035 to 


- 00075 
.OO15 
. 0025 


.0035 
.005 


Small 
Small 
Small 
Small 
Small 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


RUNNING FITS—HIGH SPEED, HEAVY PRESSURE AND ROCKER SHAFTS 


To 4-in. diameter, inc......-..------ .0005 tO .oor Small 
Tor an. diameter, NC... +12. ers = 1 CO Ee Oz Small 
To 2'-in. diameter, INC... 1-22 > ie . .002 tO .003 Small 
To 34-in. diameter, inc...........--- .003 tO .0045 Small 
‘Tol6) in; GlaMeter,y WiGs.) hee ee 0045 to .0065 Small 
SLIDING FITS 
To 4-in. diameter, inc..........-.-. .00025 to .0005 Small 
To 1. in, diameter, ines.4. 4-5 ae .0005 to .oor Small 
To-2 -in. diameter; Imc-2-,.-2 eae eee .0o1 tO .002 Small 
To 33-in. diameter, inc.............. .002 t0 .0035 Small 
To 6:-in: diameter, dCs s.- see eee .003 0 .005 Small 
STANDARD FITS 
To 4-in, diameter, inc.---.--->-s--- Standard to .00025 Small 
Tox -in. diameter, inc.............. Standard to .oo005 Small 
Tors in. diameter ines... 6 ee oes Standard to .oor Small 
To 33-in. diameter, inc.............. Standard to .oo15 Small 
To 6) =. diameter, mice ae ee eee Standard to .002 Small 


DRIVING FITS—FOR SUCH PIECES AS ARE REQUIRED 


TAKEN APART 


TO BE READILY 


To 4-in. diameter, inc.............. Standard to .cooz5 Large 
Toxt -in. diameters inc-. a 2 ae eee .00025 to .0005 Large 
To 2 -in. diameter, inc... ........... .0005_ £0 .00075 Large 
To 34-in. diameter: ines 4-3 ae .00075 tO . oor Large 
To 6 =in. diameter, Inc. 4a-) eee .COI tO .cor5 Large 
DRIVING FITS 
To. 4-in. diameter, inc.......—...... .G005 £6004 Large 
‘Lo -¥ -in. diameters Ine. ayoses see oor tO .0c02 Large 
To.2 -in. diameter, inG..<5 =. 42 31 oe 4 Ee Large 
To 33-in. diameter, inc.............. .003 t0 .004 Large 
To.6 -inv diameter inc. .2 456 -004 0 .005 Large 
FORCING FITS 
‘EOu5-1n diameter, ime e: bee See eeern . .00075 to .0015 Large 
To x -in. diameter, inc.............. .0015 to .0025 Large 
To 2 -in. diameter, inc.............. .0025 tO .004 Large 
To 33-in. diameter, inc.............. .004 tO .006 Large 
To'6 =in. diameter: inc... eves ee eae eee to .009 Large 
SHRINKING FITS—FOR PIECES TO TAKE HARDENED SHELLS } IN. THICK 
AND LESS 
To }ins diameter, inc.t.......+-.08 - 00025 to . 0005 Large 
To x -in. diameter, inc -0005 to .oor Large 
To 2 -in. diameter, inc........... -OOL tO .oor5 Large 
To 3}-in. diameter, inc.............. .OOI5 tO .002 Large 
To 6 -in. diameter, inc. -002 tO .003 Large 


SHRINKING FITS—FOR PIECES TO TAKE SHELLS, ETC., HAVING A THICK- 


NESS OF MORE THAN ? IN. 


To 4-in. diameter, inc.............. .0005 to .oor Large 
Tor -in. diameter, inc................ Oor tO .0025 Large 
To 2 -in. diameter, inc.........0.... .0025 tO .0035 Large 
To 3}-in. diameter, inc. 0035 to .005 Large 
To 6 -in. diameter, inc .005 tO .007 Large 
GRINDING LIMITS FOR HOLES 
To 4-in. diameter, inc.............. Standard to . 0005 Large 
To x -in. diameter, inc.............. Standard to .00075 ~— Large 
To 2 -in. diameter, inc. .+...... Standard to oor Large 
To 34-in. diameter, inc.............. Standard to .oors Large 
To 6 -in. diameter, inc. Standard to .002 Large 
To r2-in. diameter, inc Standard to . 0025 Large 


The limits givenin the table can be recommended for use in the manu- 
facture of machine parts to produce satisfactory commercial work, These 


limits should be followed under ordinary conditions. 


always be considered, as it may be desirable to va 


tables. 


Special cases should 


ry slightly from the 


PRESS AND RUNNING FITS 


TABLE 5.—Limits To DIAMETERS OF PARALLEL SHAFTS AND 


C. W. Hunt Co.’s Practicr In ALLOWANCES AND TOLERANCES 


Busuincs (SHAFTS CHANGING) 
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Diameters | 1 in. | 2ins. | 3 ins. | 4 ins. | Sins. | 6ins, | 7ims. | 8ins. | gins. || ro ins. Formula 

Dress Gt Shaft { +.o01 |+.002/+.003 |+.004 +.005 |+.006 |+.007 |+.008 |+.009 |+.010 | +(.001 d+ .000) 

VS oy ceca + .002 |+.003|/+ .004 |+.005/+.006 |+.007 |-+.008 |+.009 |-+.oro0 |}+.o11 | +(.001 d+.oo1) 

ce ft Shaft f | ..0005|]+ . 001+ .0015|+ .002|+ .0025|-+.003 |-+.0035/+.004 |-++.0045 +.005 | +(.0005 d+.000) 

iter \|+..0015|+ .002/+ .0025!-+.003/+.0035/-+.004 |+.0045/-+.005 |+.0055/+.006 +(.0005 d+.oor) 

ESE ee te Shaft { Sq. COL) |— 001 ||—".00T) |=", 002|\—"..002"||—/002" |=. 003 |= 003' |— 003 ||—.003" |, ......%. +s ne « 
— .002 |—.002/—.002 |—.003/—.003 |—.003 |—.004 |—.004 |—.004 |—.004 

Ua eee Hola { + .000 |+ .000/-++ .000 |+.000/++.000 |+.000 |+.000 |+.000 |+.000 |+.000 !...........cceeeee 

—.002 |—.002|—.002 |—.003|/—.003 |—.003 |—.004 |—.004 |—.004 |—.004 |............2.. 00. 


TABLE 6.—LIMItTS 


TO DIAMETERS OF PARALLEL JOURNALS AND 


BEARINGS (JOURNALS CHANGING) 


Diameters tin. | 2 ins. | 3 inSi|/4) ins. |) 5 ins: | 6ins. | 7 ins. | 8 ins. 9 ins. | ro ins. Formula 
| — .003 |—.004|/—.005 |—.006/—.007 |—.008 |—.009 |—.o10 |—.o1r |—.o012 | —(.001 d+.o02) 
ioe AUR ae sane { —.005 |—.006|/—.007 }—.008|—.009 |—.o10 |—.orr j}—.or2 |—.013 |—.014 | —(.oor d+.004) 
— .008 |—.009|—.o10 |—.o11|/—.o12 |—.013 |—.014 |—.o015 |—.016 |—.017 | —(.0or d+.007) 
ORES SOC L ee wee { —.o1r |—.o12/—.013 |—.014/—.015 |—.016 |—.017 |—.018 |—.o19 |—.020 | —(.oo1 d+.oro0) 
I fit San { 023 |—.026|—.029 |—.032/—.035 |—.038 |—.o41 |—.044 |—.047 |—.050 | —(.003 d+.020) 
ge ecco =" 028 |—.031/—.034 |—.037/—.o40 |—.043 |—.044 |—.049 |—.052 |—.055 | —(.003 d+.o025) 
All fi Hol rf .000 |+ .000/+ .000 |+.000)+.000 |+.000 |+.000 |+.000 |+.000 |4+.000 !............. cee 
Berea oes * a | |—.002 |—.002|—.002 |—.002|—.003 |—.003 |—.003 |—.004 |—.004 |—.004 |..........--e cece 
TABLE 7.—Limits To DIAMETERS OF TAPER SHAFTS AND BusHIncs (HoLES CHANGING) 
Diameters rin. |2ins. | 3 ins. |4 ins. | 5 ins. | 6 ins. | 7 ins. | 8 ins. | 9 ins. | 10 ins. Formula 
Hol () gle | Se Rig IP ay ae IP i= amey IP same 2 aaa WP) ane 1 Nae 12 —(Pd+4 P) 
EEGSS Ait oe eee ee - = feo ep —7 Pi—8 P |—9 P j|—o P |—11 P |—12 P |—13 P |—14 P |—15 P —(Pd+5 P) 
; Hol (Ol cxgpae || sare Tere IP agp ib) ao eee Pee IP aa I otis Ve esa Je —(# Pd+o) 
NDTLV Cai ctetete's 2a asin 212 eee ere Diet P| rp Vass iq Pah P ls Blok | 6oP. —(4 Pd+P) 
Hol +o ae) line) a) |aieX aig +o +o +o +o +o 
Hand fit....+2+..-+--. ox —1P|—1Pij—1 P|j—1P |-1 P|/—-1 P|—1P|—-1 P|—1P |-1 P -—P 


BALANCING MACHINE PARTS 


Balancing Rotating Parts 


Two states of perfect balance must be distinguished—standing or 
static and running or dynamic balance. Standing balance insures 
running balance in the case of thin disks but not in the case of long 
drums, multiple-throw crank shafts or similar pieces. ' 

The method of obtaining standing balance by means of a rolling 
mandrel supported on a pair of straight-edges is too well known to 
need description. It is adequate for many cases but is not sufficiently 
delicate for high speeds. ' 

The importance of accurate balance in high speed machinery is 
shown by the fact that a weight of 1 oz. rotating at 3600 r.p.m. at 
1 ft. radius produces an unbalanced centrifugal force of 276 lbs. 

Greater sensitiveness than that of the common parallels is char- 
acteristic of the fixture shown in Fig. 1, by the L. A. Goodnow 
Foundry Co. (Amer. Mach., June 16, 1910) by whom it is used for 
balancing fly-wheels. It consists of two large, turned cast-iron 
cones, slightly truncated, through which passes an eye bolt having 
a pivot point projecting downward within the eye, and a large link 
threaded through the eye, having a bearing for this pivot joint. 

The turned fly-wheel is supported in a horizontal position, held 
by the two cones entering the bore from either side. Because of 
the point of suspension at the top, the fly-wheel is free and can take 
any position, depending upon whether it is in balance or out of bal- 
ance. If it is out of balance, that fact is easily determined by a 
spirit level on the edge of the rim balanced by an equal weight op- 
posite, Weights are then applied to bring it into a truly horizontal 
position. After this has been done the weights are weighed and a 
line is scratched on the inside of the rim indicating the point where 
weight should be applied and its amount. 

Another standing balance apparatus of high sensitiveness is shown 
in Fig. 2, by P. Fenaux (Amer. Mach., July 30, 1908). Although 
giving standing balance only, it appears to be adequate for small 
drum-shaped pieces revolving at high speed and it was, in fact, 
designed for the small armatures of electrically driven phonographs. 

The apparatus consists of a base A with two supports B for the 
axle C. The supports ate of hardened tool steel and of such shape 
that the knife-edges of C bear on two points only. The balancing 
part is formed of two flanges D connected by C and the counterweight 
E, of such weight that it will balance the armature of the smallest 
weight. The armature is placed in the notches of the flanges. The 
pin F is used for noting the position when balancing. One of the 
flanges is lengthened by a rod, threaded and ended by a point. 
This point comes in front of an index fixed on the plate A. To- 
ward the end, on each side of the rod G comes a small rubber stop 
H. The upper one is fixed on a rather stiff spring K; the lower one 
on a spring L supported by a long spring M. 


On the rod are screwed 
three nuts. 


The centers of the armature and of D are above the edges of the 
knives, thus bringing the center of gravity of the system above the 
points of support, so that the smallest difference on one side or the 
other will produce a large movement of the point of G. 
ture to be balanced is put in the notches wit 
top of the pin F. The lower stop is lowered 
in line with the index by moving N, 
armature is moved half a turn. 
has a tendency to go under the i 
the armature next the pin is too li 
is to be drilled, Leaving the nut 


The arma- 
h a slot in line with the 
and the point is brought 
one of the nuts. Then the 
If in this new position the point 
ndex, that means that the side of 
ght, and the side first placed there 
N as it is, one of the two others is 
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moved, so as to bring the point again in line with the index, and this 
movement indicates, by comparison, to what depth the hole or holes 
must be drilled. If instead of coming down the point had pushed 
against the spring K, the reverse operation would have been 
performed. ; 

The principle of Fig. 1 has been developed by the Westinghouse 
Machine Co. into the highly sensitive and accurate apparatus 
(patented) shown in Figs. 3-10 (Amer. Mach., July 13, 1911). 


Fic. 1.—A sensitive standing balance fixture. 


Fic. 2.—A sensitve standing balance apparatus. 


This machine is used for giving a running balance to the rotorg 
of Parsons steam turbines, its application for this purpose being due 
to the fact that if a long drum be divided into elementary disks by 
planes perpendicular to the axis and each slice be given a standing 
balance, the drum made up of the assembled disks will be in both 
standing and running balance. The rotor of the Westinghouse 
turbine is so divided, the disks being sufficiently thin to give an 
entirely satisfactory result, Theorectically, the customary balancing 
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fits the opening in E on one axis, it may be slid along the axis at 
right angles across E, by means of the two adjusting screws K, as 
most clearly shown in Fig. 6. Beam £ rests upon knife-edges C, 
which in turn rest in self-aligning sockets in blocks F; these latter 
rest upon the main supports. H is a counterweight on rod G which 
is rigid with D. 

The operation of the machine is shown in Figs. 7 to ro inclusive. 
Assuming that tne turntable and all the parts connected with it 
are first properly balanced, so that the upper surface of the turn- 
table will remain accurately in a horizontal plane during a complete 
rotation, the disk to be balanced is placed upon the turntable, most 
carefully centered with reference to the spindle and properly clamped 
in position. Four points, A, B, C and D, are located upon the 
periphery of the disk at 90 deg. from each other, at the same radius 
from the center of the spindle, and the hanging counterweight is 
so adjusted that the combined apparatus located upon the knife- 
edges will oscillate very slowly, indicating that the center of gravity 
of the combined mass be just below the plane of the knife-edges. 
The spindle socket is now moved along the beam by means of the 
adjusting screws until the beam is balanced in the horizontal posi- 
tion. This will bring the point X, which indicates the position of a 
vertical line passing through the center of gravity, into the vertical 
plane in which the knife-edges are located, as in Fig. 7. 

Next, the turntable is turned 180 deg., so as to bring the point X 
into the position represented in Fig. 8, and thus out of alignment 
with the knife-edges, in which position the beam will be deflected 
from its previous condition of balance. Sufficient weight should 
now be added at some point, as at D, to bring the beam again into 
the position of horizontal balance. The amount of weight added at 
this point D we may represent by n. 

The turntable is now turned go deg. and the beam moved by 
means of the adjusting screws until it is brought into the horizontal 
position, when the point X will be in the position indicated in Fig. 
9. The turntable is now given another movement of 180 deg. to 
the position indicated in Fig. 10 and weight added at some point, 
as at C, sufficient to bring the beam again 
into the horizontal or balanced position. The 
amount of weight added at the point C may 
be represented by mn’. It remains now to 
locate the line EF which lies in both the 
geometric center and the plane of the center 
of gravity. This may be done by determining 
the angle @ which is made by the lines EF 
and AC. 

By equating moments about the axes and 
throwing out small factors which would not 
materially affect the result, the following ex- 
pression is obtained: 


n 
Tan. 9=-— 
n 


in which »’ must be the greater weight. 
Then, the weight necessary to be added to 
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Fics. 4 to 10.—Details of the Westinghouse balancing machine and of the 


method of balancing. 


straight-edges would give the same result, but actually they, are not 
sufficiently sensitive. 

Fig. 3 shows a disk section in process of testing for standing bal- 
ance. The balancing machine consists of a turntable A, Figs. 4, 5 
and 6,so mounted as to rotate on spindle B in socket D. Socket D 
is supported by flanges resting upon open beam E and, while it closely 


point £ or to be taken away from point F 
equals: 

4cos. 9 n’, 
n' being the greater of the two weights. 

The object of shifting the turntable so as 
to bring the center of gravity over the knife- 
edges is to secure just double the effect of the 
faulty balance when the turntable is turned 
180 deg. This is indicated in the above formula by the factor 3. 

Final balancing of the turbine disks or sections is obtained by 
drilling at the points found by this method and in accordance with 
Table x giving the depths of holes of various diameters to remove 
certain weights of metal. This table is obviously of equal applica- 
tion to any other standing balance apparatus. 
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Fic. 11.—The Riddell balancing machine. 
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The horizontal position of the turntable is determined by the 
pointer A and scale B, Fig. 3, the pointer being made to oscillate 
equally on each side of the zero point in the manner common with 
delicate chemical balances, thus eliminating even the small friction 
of the knife-edges. 

The Riddell balancing machine of the General Electric Co. is shown 
in Fig. 11. It also acts upon the principle that if a collection of 
disks on the same shaft are individually in standing, the assembly 
will be in running balance. 

The disk a to be balanced is supported on the pieces bc which, in 
turn, rest on the ball step bearing d and the plate e. When the 
balancing operation is not in progress the plate e rests on three set- 
screws, one of which is shown at f. Extending up into the apparatus 
is a grease cylinder g, which is connected by suitable piping witha screw 
plunger 4. At the upper end of the grease cylinder is a flat-topped 
plunger 7 on which rests the ball-ended screw j. By turning the screw 
plunger 4, the plunger zis made to rise, thereby lifting the screw j and 
all the connected parts, including the piece to be balanced, free from 
the setscrews f. This obviously leaves the piece to be balanced free 
to assume an inclined position in accordance with its lack of balance. 

The direction of the unbalance is shown by the movement of the 
multiplying index k, which plays over a polished plate 7. To insure 
the true centering of the piece to be balanced with the plate /, the 
ball-ended screw j drops, when the parts are lowered on the setscrews 

f, into a conical recess at the top end of the cylinder g. The use of the 
ball step bearing d is to facilitate the checking of the indications by 
trying the balance with the parts in various positions. 
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drill. 


Intermediate weights ma 
Example: 
Suppose the piece is out of ba 
The depth corresponding to 20 
The depth corresponding to 7 
The depth corresponding to 0.4 


0Z.= 5.30 ins. 
0Z.=1.85 ins. 
0Z.=0.10 ins. 


Deduct for point of drill 


Required depth of hole 


Depth to drill in ins. : 


25. 
20. 
DS 
Io. 


26 
20 


Cast-iron 
Depth to drill in ins. 


Steel 
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y be found by adding together the depths of hole corresponding to the different weights that go to make up the whole. 


lance—27.4 oz. and it is convenient to use a r-in. drill. 


Depth of H 
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The problem of balancing the rotating parts of high speed machinery 
’ involves three fundamental distinctions. The first of these relates 
to the shapes of bodies. to be balanced which are classified as thin 
disks and long drums. 

Ideally and theoretically, a thin disk is one of infinitesimal thick- 
ness, but, since such bodies are not used in machine construction, 
a thin disk is here to be understood as one whose thickness parallel 
- with its axis is inconsiderable in comparison with its diameter. The 
thinner it is, the more it approaches the theoretical ideal, the thick- 
ness admissible in any case depending on the conditions, especially 
the speed and the accuracy of balance required. The actual thick- 
ness admissible cannot be defined in exact terms. 

The terms thin disk and long drum, however, are not satisfactory, 
because under them are included bodies of skeleton forms which have 
the same properties as regards balancing, but which frequently do 
not suggest the terms under which they are classified. Thus, a 
revolving spider, like the arms of a pulley with the rim removed, 


Fic. 13. 


Fic. 14. 


FIGs 15: 
Fics. 12 to 15.—Thin disks and long drums 


Fig. 12, is, for the present purpose, classified as a thin disk, and, if 
all the arms but two are removed, as in Fig. 13, this still remains 
true. The term must even be applied to a pair of heavy balls ab, 
connected by a pair of light arms, Fig. 14. Little as such a construc- 
tion suggests a thin disk, it at least conforms to the definition that 
the thickness parallel with the axis is inconsiderable in comparison 
with the diameter of the circle of revolution. 

The term long drum must also be stretched to include bodies which 
are far from being drums, the extreme case being, perhaps, an auto- 
mobile crankshaft, Fig. 15, which, while not suggesting a drum, 
nevertheless has the same properties as regards balancing and is 
hence included in the classification. 

The second fundamental distinction is that between standing and 
running balance—that is, balance when at rest and when in motion. 
These conditions have other names, as gravity or static, for standing, 
and centrifugal or dynamic, for running balance. Thin disks which 
are in standing are also in running balance but this is not necessarily 
true of long drums, in which latter no attempt at correcting standing 
unbalance has any assured value in correcting running unbalance, 
and it may and often does make matters worse instead of better. 
With one real and another apparent exception, a body in balance at 
one speed is in balance at all speeds, with, however, the proviso that 
the body does not change its form because of the stresses set up by the 
centrifugal forces of its various parts. C. H. Norton has discovered 
that four-throw automobile crankshafts, when unsupported at the 
center, will spring as much as }/¢ in. at 1200 r.p.m. and hence show 
unbalance at high speeds and balance at low. Such action is not, 
however, an exception to the law, nor is the fact that unbalanced 
bodies vibrate more violently as the speed is increased. 
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The real exception to the law is this: There is a certain critical 
speed at which an unbalanced body revolves as though balanced. 
This action, which is conclusively proven by observation, is the 
most curious and obscure property of revolving bodies. 

It is commonly but erroneously believed that a body must be 
balanced for the speed at which it is to run, whereas, the fact is that 
if it is balanced at any speed, except the critical speed, it will be 
balanced at all others. 

This belief is based on the behavior of some rapidly revolving 
bodies, for example emery wheels, which run quietly at the working 
speed but vibrate markedly and even violently at some speed through 
which they pass when slowing down from the working speed toa state 
of rest. This action is due to synchronism between the revolution 
time of the wheel and the natural period of vibration of the support. 
At this synchronizing speed a slight unbalance gives rise to a marked 
vibration although insufficient to produce an appreciable effect at 
other speeds. 

The third fundamental distinction is that between free and con- 
strained rotation. A freely rotating body is one which is without 
supports and hence free to do whatever it desires. The earth and 
other heavenly bodies are examples of absolutely freely rotating 
bodies, while a spinning ball, hung from a twisted string, is, to all 
intents and purposes, free so far as the plane of rotation is concerned. 

A body in constrained rotation is cne which is supported by shafts 
and bearings. Constraint is, however, relative. A small flywheel 
on a short, stiff shaft, is highly constrained, while a heavy wheel on 
a long, flexible shaft is lightly constrained. Absolute constraint is 
impossible because no support is without some elasticity. If its 
shaft is flexible enough and its speed high enough, a body in con- 
strained rotation will behave as though free, changing from the 
action of a constrained to that of a free body at the first critical 
speed mentioned above—that at which an unbalanced body behaves 
as though balanced. 

A free body rotates about an axis passing through its center of gravity, 
or about a gravity axis, for short. A moment’s reflection will show 
that this implies that the prominent, or high, side of such a body is 
the light side. Constrained bodies (provided the constraint is 
sufficient) do just the opposite; the high side of such bodies being the 
heavy side. 

This statement is, however, true in a general sense only. Observa- 
tion shows that the highest spot lags behind the heavy side by an angle, 
which increases with the speed. Observation further shows that at 
sufficiently high speeds (that is, above the critical speed) the action 
is reversed, the light side running high in constrained rotation at 
such speeds, as it does in free rotation at all speeds, while the lag, 
measured from the light high side, becomes a lead. 

Experiment shows the lag to increase with the speed and the speed at 
which the angle of lag equals 90 deg. is the critical speed at which 
the change takes place, and at higher speeds the light side runs 
high. At these higher speeds the increasing tangential resistance 
leads to continual increase of the lag which, measured from the light 
side which is now high, becomes a lead. 

The balancing of long drums involves an application of the principle 
of couples, by which term is meant two equal and opposed forces 
acting in parallel directions but not in the same straight line. A 
couple has no single resultant and can be balanced only by another 
couple having the same product of force and arm, that is to say, the 
same moment. 

An infinite number of combinations of force and arm may produce 
the balance, the only requirement being equality of their product 
with that of the first couple. Moreover, the balancing couple may 
be applied anywhere in the plane of the first couple. 

Let Fig. 16 represent a light strip of wood with equal weights ab 
attached to it by cords, of which one runs over a sheave. The bar 
is under the influence of a couple and, representing the magnitudes 
of the forces by the lengths of the arrows ab, it is obvious at a glance 
that equal and opposite forces cd will balance the couple. These 
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forces may, moreover, be applied any where on the ie a Ee 
their distance apart being the same, with the same result while, 
the forces be halved and their arm doubled, as at gh, balance wi 
still be unchanged, and this will be true for any couple eS 
applied, provided the product of its force and arm be equal to tha 
ied couple. 
ee es iiss eh are two balls of equal weight mounted by radial 
arms on a revolving shaft and at equal radial distances. As - 
system revolves the balls generate equal centrifugal forces whic 
form a revolving couple. Nevertheless, the center of gravity of the 
two balls lies in the center line of the shaft and hence, when at rest, 
the entire system is in balance. This is an illustration of the condi- 
tion of a body which is in standing balance but running unbalance. 


Fic. 19, Fic. 20. 
Fics: 16 to 20.—The action of long drums. 


Precisely as in Fig. 16, the balancing of the system involves the 
application of an opposing couple having the same moment as the 
disturbing couple. If we introduce two weights cd of the same weight 
and at the same radius as ab, the balance is obviously accomplished. 
These added weights are analogous to the balancing forces cd of 
Fig. 16, and as various substitutes were found for cd, of Fig. 16, so 
may substitutes be found for cd, of Fig. 17. The balance weights 
may be increased and the radius reduced, as at ef (the increased 
weights being shown by drawing the balls larger); the original weights 
may be moved bodily lengthwise of the shaft, as at gh; the weights 
may be smaller if placed further apart, as at 7, or larger if placed 
closer together, while additional variations may be made by combin- 
ing those already made and changing simultaneously all three vari- 
ables, weight, radius and distance apart. In short, an indefinite 
number of arrangements of the balance weights are possible. 

The conditions of Fig. 17 appear in slightly disguised form in Fig. 
18, in which the weighted arms are replaced by the disks having equal 
heavy spots at ab. The construction of Fig. 18, like that of Fig. ry, 
is in standing, but not in running, balance, the only important 
difference between the two being that the cause of the running un- 
balance is apparent to the eye in Fig. 17, but not in Fig. 18. It will 
be observed that the disks of Fig. 18 are individually out of both 
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standing and running balance. If they are removed and placed 
individually in standing balance and then replaced, the condition 


leading to running unbalance will be corrected. When the construc- 


tion is such as to permit this to be done, this principle is frequently 


-used to produce running balance, the Westinghouse and Riddell 


i i i icati f this principle. 
balancing machines being applications o ’ 
In Fig. 19 the disks of Fig. 18 are replaced by a drum having equal 
heavy spots at ab, but the conditions are unchanged. The drum, 


like the disks, is in standing balance but running unbalance. If, in 


place of the heavy spots, we assume the presence of light spots due 
to sponginess, we will have conditions that are more common in 
practice and which lead to the same result, the denser material oppo- 
site the spongy spots producing the excess of centrifugal force, which 
leads to running unbalance. 

The drum of Fig. 19 represents the conditions which confront us 
when balancing any long drum. Remember that the body is in 
standing balance. The running unbalance is produced by centrifu- 
gal force. To generate centrifugal force motion is necessary, and 
it would, therefore, seem to be safe deduction that no possible test 
which can be applied to the body when at rest can detect the cause 
of the unbalance or find a remedy for it. 


Cm 


Fic. 21.—The Norton running balance machine 


Not only is the detection of running unbalance impossible by a 
test of the body at rest, but, if a long drum is initially in both stand- 
ing and running unbalance, the correction of the former may increase 
the latter. Such correction is, in fact, nearly as apt to do harm as 
good. The conditions under which harm is done are shown in 
Fig. 20. Of the four balls attached to the shaft by light equal 
weight arms, a, b and ¢ are of the same weight, while the weight of 
d is equal to two of the other balls. The system is plainly out of 
balance both standing and running, the latter due to the centrifugal 
force of the excess weight of d—that is, a weight equal to that of 
one of the other balls. If correction be made by halving the weight 
of d, both standing and running unbalance will be corrected. Stand- 
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ing balance may, however, be made equally as well, and is just as 
apt to be made by removing weight a. If this be done, the result, 
when the system is made to revolve, is that the centrifugal force of 
the excess weight of d is unchanged, while a new unbalanced centrifu- 
gal force of b at the other end of the shaft has been added, correc- 
tion of standing unbalance having increased the running unbalance. 
It will thus be seen that no attempt at bringing about standing balance 
of long drums has any assured value. 

The balancing of long drums is expeditiously carried out by 
the running balance machine of the Norton Grinding Co., Fig. at 
(Amer. Mach., Dec. 16, 1909) and by it the theoretical principles of 
running balance have been experimentally proven (Amer. M ach., 
Aug.11, 1910). This machine is the first organized attempt to attack 
the problem as primarily one of running balance and to discard all 
plans of attack through the channel of standing balance. This it 
does by providing means for recording, interpreting and correcting 
the indications given by unbalanced revolving bodies in motion. It 
is, moreover, applicable to those numerous cases in which the slicing 
of the revolving member is structurally impossible. It is also the 
first balancing machine to introduce the principle of light constraint, 
thereby leading to clear indications at moderate speed and to a com- 
paratively low critical speed. 

The piece to be balanced is carried at each end on four rollers 
which are mounted in suitable cradles and carried on the upper 
ends of inverted pendulums. The lateral motion thus provided is 
limited by rubber disks through which the pendulum rods pass. 
Multiplying vertical pointers, plainly shown, are so connected with 
the rods as to vibrate with them and to magnify the vibration to 
the eye. Adjustable scriber points are provided, the markings being 
made more distinct by coating the shaft with red paint. The 
machine includes an electric motor together with a friction disk drive 

_by which the speed may be varied and the direction of motion be 
reversed for reasons that have been explained by Mr. Douglas. 

Among other things the machine has demonstrated that high- 
speed rotating parts should be so designed that they will not distort 
from centrifugal action, if rotated free at any speed at which they 
may run in use, and thus destroy a state of running balance. 

In the use of this machine the technique of balancing long drums has 
been greatly simplified and this technique may be applied to extem- 
porized apparatus. 

The first difficulty which the machine surmounts is that due to 
the indeterminate value of the lag, because of which the high spot 
does not correctly indicate the heavy spot. The machine is revers- 
ible in its direction of rotation and, the piece to be balanced being 
driven in opposite directions and at the same speed, the high spots 
are marked. The lag being the same in both cases, the heavy spot 
lies on the diameter which equally divides the angle between them. 
There remains, however, a second difficulty due to the fact that, if 
the speed be below the critical speed and the heavy side high, the 
heavy spot is at the same side of the body as the marks while, if the 
speed be above the critical speed and the light side high, the heavy 
spot is at the side of the body opposite the marks, and the behavior 
of the body does not indicate which condition obtains: 

The method of solving this problem is shown in Figs. 22 and 23 
which show an automobile crank shaft which has first been placed 
in running balance and then thrown into unbalance by attaching the 
weight a to one of the crank cheeks in order to show to the eye the 
position of the heavy spot. The marks made when the piece runs 
below the critical speed are shown in Fig. 22 in which arrow heads 
have been placed at the middle of their lengths and pointing in the 
directicn of rotation when the marks were made. The arrow heads 
will be seen to point toward one another and toward the heavy spot. 
Similarly the marks made when the piece runs above the critical 
speed are shown in Fig. 23, in which the arrow heads, which again 
point in the direction of rotation but away from one another, 
still point toward the heavy spot. From this we get the rule: 
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When the arrows point toward one another the heavy side runs high. 
When the arrows point away from one another the light side runs high. 
In both cases the arrows point toward the heavy spot which lies midway 
between them. 

Because of the low critical speed due to the light contraint, this 
machine is usually operated above the critical speed. ‘The opposite 
practice obtains, however, in the case of bodies which are so badly 
out of balance as to endanger their flying out of the machine if run 
above the critical speed and also in the case of bodies that are so 
flexible as to distort from the centrifugal force if run above the 
critical speed. 


Fic. 22.—Marks made below the critical speed with the heavy side 
high. 


Fic. 23.—Marks made above the critical speed with the light side 
high. 


A more recent machine is that of N. W. Axmworr (Trans. A. S.M.E., 
1916) in which a squirrel cage with longitudinally adjustable bars is 
mounted parallel with and made to revolve at the same speed as the 
piece under test. The cage being initially in balance, its bars are 
adjusted to throw it out of balance, the adjustment being continued 
by trial until the unbalance of the cage compensates that of the 
piece under test. The resulting displaced bars show directly the 
plane of the unbalance, while the amount of the displacement, 
properly interpreted, gives the values of the compensating weights. 
A standard speed is adopted and the frame of the machine is sup- 
ported by a spring of such strength that the period of vibration of 
the whole synchronizes with the standard speed, the result being a 
high degree of sensitiveness and accuracy. 


Balancing Reciprocating Parts 


For the position of the center of gravity of counterweights of 
usual forms see Center of Gravity. 

Reciprocating parts driven by a crank and connecting rod may be 
balanced in the direction of the reciprocation at the expense of unbal- 
ance in a direction at right angles thereto. To do this, consider the 
mass of the reciprocating parts, including all of the connecting rod, 
as concentrated at the center of the crank pin and calculateits centrifu- 
gal force. Then a mass, added on a radial line opposite the crank 
pin or subtracted on the side of the crank pin, which will generate an 
equal centrifugal force will balance the reciprocating parts in the 
direction of reciprocation. At the same radius as the crank-pin 
center, the weight should obviously equal that of the reciprocating 
parts. At any other radius the weight is inversely proportional to 
the radius—the radius being understood to be that of the center of 
gravity of the mass. 

This mass will give perfect balance in the direction of the recip- 
rocation with a Scotch yoke or slotted cross-head. With a connect- 
ing rod it gives a slight overbalance at one center and aslight under- 
balance at the other, the result being the best that can be obtained. 

The center of gravity of the counterweight, for perfect results, must 
be in line with the center of the piston rod which, in center-crank 
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engines, can be secured by dividing the weight equally between the 
two cranks. In side-crank engines there must be a slight offset 
with a resulting negligible horizontal twisting moment. In slow- 
speed enginesit is frequently impracticable to place sufficient eee 
weight in the crank disk because of lack of room. Such engines do 
not commonly require balancing but, when necessary, satisfactory re- 
sults have been obtained by placing as much of the counterweight 
as possible in the crank disk and the remainder in the fly-wheel. 
For a applicationn of this plan to large Corliss engines see a paper, 
Counterweights for Large Engines, by Dr. D. S. Jacosus in Trans. 
A. S. M. E., Vol. 26. The final result was a considerable hori- 
zontal twisting moment but a nearly complete stoppage of serious 
vibraticns. 

In horizontal engines the provision of a suitable counterweight 
in the crank disc balances the parts in a horizontal direction but it 
introduces a tendency toward vertical vibration equal to the tend- 
ency toward horizontal vibration with no counterweight whatever, 
and this tendency must be resisted by the foundation. 

In vertical engines, on a proper foundation, the perfect balance 
-with this arrangement is vertical, where it is not needed, while the 
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Fic. 24.—Diagrammatic arrangement of 
crusher parts. 


unbalance is horizontal where it does harm. Such engines are best 
when entirely unbalanced, as that arrangement leaves the unbalance 
vertical where it is resisted by the foundation. 

Reciprocating parts driven by more complex mechanism than 
a crank and connecting rod, may be balanced in the direction of 
the reciprocation, at the expense of unbalance in a direction at right 
angles thereto. The application of the method to a rock crusher 
is thus explained by Pror. O. P. Hoop (Amer. Mach., Nov. 26, 1908): 
The crusher balanced was located in a rock house of a Lake Superior 
copper mine, where the elevation of the crusher above the ground 
led to an actual horizontal vibration of the rock house of .22 in., 
which was reduced to a negligible amount by the method 
described. 

It is now feasible to run crushers of the type described at any 
reasonable speed without the danger of racking the building or re- 
quiring unusually heavy construction to resist useless forces. 

The problem was as follows: 

A mass of approximately 8 tons vibrated 175 times a minute 
through a short path, the nature of the vibration being determined by 
an eccentric revolving at a uniform speed, a pitman, toggle joint 
and swinging jaw. Is the nature of this movement such that a 
Totating weight, properly placed, can balance the inertia of the 
swinging jaw and parts moving with it? The forces which move 
the jaw must react against the frame and building to which it is 
attached and move the mass of these to produce the vibration. To 
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find the amount of force it is necessary to find the velocity of the 
moving jaw, from which we can find the acceleration of the mass. 

Fig. 24 shows diagrammatically the sage gi of parts of a 
crusher although very much distorted. Let BB’ represent the 
path of the eccentric crank, AB the pitman articulated at A to the 
two links AC and AD. Link AC abuts against the frame at C and 
the point D is constrained to move about H as a center, or pracy 
tically in the direction ED. As the eccentric revolves, the point D 
(a part of the jaw DH) has a small motion which crushes the rock 
against the frame. The character of this motion is readily found 
by finding the position of D for several positions of B, as shown in 
dotted lines at B’A’D’. An inspection of this diagram shows that 
A moves about C as a center and also relatively about D, so that if 
the eccentric circle be drawn AB” FG and arcs AF from C and AG 
from D as a center, the distance, as A’K between the two arcs oppo- 
site any point in the circle as B’’ measures the distance the point 
D has moved from its inner position. Thus A’K is equal to D’D, 
and this corresponds to the position of the crank shown at B’. 

In the actual crusher under consideration the eccentricity OB is 
4 in., AB 37 ins., AC 13 ins., AD 23 ins., JA 33 ins., JE 3 ins. 

The jaw movement and the eccen- 
tric circle are so small that it is well 
to magnify the movement image, as in 
Fig. 25, where the arcs, AF and AG are 
drawn properly in proportion to the 
eccentric circle, which is here marked 
into 1o-deg. spaces. Since the eccen- 
tric revolves uniformly these 1to-deg. 
spaces are passed in equal times and, 
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Fic. 25.—Diagram of magnified jaw 
movement. 


when plotted in Fig. 26, as horizontal 
distances, represent time. Laying off 
vertically in Fig. 26 the several dis- 
tances similar to A’K for each angle of 
the eccentric, we find the curve OJ, 
whose distance from the axis OX 
Tepresents the jaw movement magni- 
fied. The actual maximum jaw move- 
ment was found to be .484 in. and this 
is represented in the diagram by XJ, 
which measures 1.95 ins.,! therefore, 
1 in. in hight of the diagram represents 
-248 in. of jaw movement. Fromthe curveOJ wecanfindthe velocity 
at any point, for the velocity is the rate at which the jaw is changing 
its position, and by drawing tangents as LM at the 40-deg. point, then 
the vertical distance MN represents the distance the jaw would have 
traveled while the eccentric was moving the time LN, provided the 
rate had been uniform. The distance LN is taken as any conve- 
nient distance as 150 deg., but is taken the same for each point on 
the curve OJ. Plotting the MN distances with time as the base 
gives the curve OVX, which is the velocity curve of the jaw. The 
scale of this curve can be found from any of the triangles LMN, 
for the time is given by the constant base LN and the space by MN, 
the velocity being equal to the space divided by the time. The 
distance MN measures 1.74 ins., which equals 1.74 X.248 =.431 in., 
movement of the jaw. It is convenient to assume one revolution 
per second for the speed so that since the base LN=150 deg., the 
time will be r50+360=.417 sec. 

The velocity when running at 60 r.p.m. equals .431-+.417 = 1.034 
ins. per sec. at the 4o-deg. point, and this is represented by the hight 
MN of 1.74 ins. One inch in height of the velocity curve, there- 
fore, represents 1.034+1.74X12= .05 ft. per sec. 

To change the velocity of a mass requires a force proportional to 
the amount of change of velocity made in a second, that is, in pro- 
portion to the acceleration which is the rate of change of velocity. 


1 ‘ F ae 
The dimensions refer to the original drawing of which the engravtag is a 
reduced copy. 
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From the velocity curve we can find this acceleration by drawing 
tangents as before. To illustrate, at the 6o-deg. point the velocity 
changes at the rate shown by the tangent L’M’ and in the time 
L’N’ would change the amount M’N’. Plotting these values of 
M’'N’ for each of the points of the velocity curve we have the ac- 
celeration curve RK’S. When the velocity 1s the greatest, and 
before it begins to decrease, the velocity is unchanging for an instant, 
therefore there is no acceleration as shown by the curve RK’S having 
a zero value at K’. Up to this point the jaw has been increasing in 
velocity and, therefore, requiring a force to make the change, but 
after passing K’ the jaw velocity is decreasing and it now requires a 
force to stop it. This must evidently be in the opposite direction 
to the first force and is, therefore, shown below the line OX. Since 
the forces required are proportional to the acceleration, the curve 
RK’S must also represent to some other scale the forces tending to 
shake the machine in the line of direction of the movement of the jaw. 

That particular point on the jaw, whose movement has the same 
effect as if all the moving mass was concentrated at that point, is 
called the center of gyration which is measured from the point H 
about which the jaw swings. By computation from the drawings 
of the section of the casting this was found to be 44 ins. from the 
center, and here the velocities would be greater than at D in the 
proportion of 44 to 37, or 19 per cent. more. 

The scale of the curve RK’S can be found from the triangle 
L’M'N', where M’N’=1.92 ins. This represents 1.92 X.05 = .006 ft. 
per sec. as the velocity gained in the time L’N’. One-half second is 
represented by OX, which is 6.28 ins. long. Therefore, L’N’ repre- 
sents .254 sec. The acceleration is .o96+.254=.384 ft. per sec. 
per sec. This is represented by a line M’N’ 1.092 ins. long, there- 

- fore, each inch in height represents .384+1.92=.2 ft. per sec. per 
sec. acceleration. 

The maximum force required is evidently at the beginning of the 
jaw movement when the force is represented by OR. Here at 60 
r.p.m. the acceleration is 47 ins.x.2=.94 ft. per sec. per sec., which 
at the radius of gyration of the jaw will be 19 per cent. more, or 
1.12 ft. per sec. per sec. The mass moved weighs 16,000 lbs. The 
force required to move this will be 16,000+32, equals 500, multi- 
plied by the acceleration 1.12 or 560 Ibs. when running at 60 r.p.m. 
The force of acceleration will vary as the square of the velocity, so 
that it is no wonder that several such crushers will shake a building 
when run at 175 r.p.m., as many do, when the shaking force for 
each crusher amounts to nearly two and a half tons. 

From the curve of acceleration it is noted that this force is applied 
as a push to the building at the beginning of the jaw movement, 
growing less in amount until it reverses just before the quarter 
revolution. The force then becomes a pull on the building, reaching 
an amount about 72 per cent. of the maximum push, but keeping 
at it longer. From 180 to 360 deg. the acceleration curve would 
be symmetrical about the line JS so that there would be a push on 
the building for about 46 per cent. of the time, and a pull for 54 per 
cent. An inspection of the curve shows that it does not depart 
widely from that form which would be made by an unbalanced 
weight revolving with the eccentric. Such a curve would be a sine 
curve. 

Laying off OS’ equal to XS we will take a point T half way between 
S’ and R and assume this as the average force to be balanced, for 
if underbalanced at R it will be equally overbalanced at S. 
The curve TT” is readily laid in as a sine curve. To furnish this 
balancing force we can place a weight in the fly-wheel that can 
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give the forces TT’, but this must be in such phase with the 
moving jaw that OT shall oppose OR instead of being in phase with 
it as shown. 

We find that there is a convenient place in the fly-wheel of the 
crusher where the counterweight mass will be about 2 ft. from the 
center of the shaft. Here the velocity at 1 r.p.m. will be 12.50 ft. per 
sec., and the force will be equal to the weight times the velocity 
squared divided by 32 times the radius in ft. The force OT scales 
480 lbs., if OR represents 560, so that the weight we seek figures 196 
Ibs. Half of this can be put in each fly-wheel in such place that, as 
the jaw begins to move forward the counterweight will begin to move 
back. 

In the diagram Fig. 26, if we combine the curve RK’S and TKT’ 
we have the resultant curve WYZ. This shows that the shaking 
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Fic. 26.—Graphical solution of the crusher balancing problem, 


forces have been greatly reduced and their alternations have been 
doubled so that the smaller force also has a shorter time to produce 
movement before reversal. 

This resultant X YZ shows that a nearly complete balance could be 
had by adding to the single rotating weight here described a second 
weight rotating at twice the revolutions per minute of the main 
eccentric. If the inertia of this secondary weight was made equal 
and opposed to OW the final resultant would be nearly a straight 
line. The secondary weight would have to be geared to the main 
shaft with a gear ratio of 2 to 1, making a complication of parts not 
warranted or needed in the usual crusher installation, but still of 
possible value in extreme cases. 
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The Hooke Universal Coupling 


The Hooke universal shaft coupling, Figs. 1 and 2, does not, when 
used singly, transmit a uniform motion and, when two couplings are 
used to connect offset shafts, they are often so assembled as to double 
the irregularity of a single coupling, although, when correctly assem- 
bled, the irregularities neutralize each other and give as a final result 
atrue, uniform motion. Fig. 1 shows the correct and Fig. 2 the incor- 
rect arrangement. In the former the yokes of the intermediate 
shaft are in the same plane while in the latter they are at right angles 
to one another. 

Itis also necessary that the angles between the intermediate and the 
end axes be equal. This follows as a matter of course if the end axes 
be parallel but otherwise it must be provided for. 

Actual constructions are shown in Figs. 3, 4, and 5. In Fig. 3 
the offsetting of the pivot pins to permit their passing each other 
introduces a small additional error. In Fig. 4, the bearing bushings 
are clamped in position and also locked by detent pins. In Fig. 5 
the cross takes the form of an external split ring, which holds the 
bearing bushings. The pivots are integral with the forks. The 
exterior of the forks and the interior of the rings are spherical to 
retain the grease. 

In comparing the movements of the two shafts two methods are 
possible (a) The angular velocities or (6) the angular positions of the 
shafts may be compared. The angular velocities of the two shafts 
are given by the equation: 

v cos A 
V ~1—sin 2A sin 2B 
in which V =speed of driving shaft, 
v=speed of driven shaft, 
A =angle between shafts, 
B=angle of rotation of driving shaft from position of shaft 
A, Fig. 1. 
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Relative speeds of the driven shaft for various angles between 
the shafts have been calculated from this equation by Eart Buck- 
INGHAM (Amer. Mach., Jan. 16, 1913). The results are given in — 
Table 1 and graphically in Fig. 6. 

The relative positions of the two shafts are given by the equation: 

tan C=tan B cos A 


in which A =angle between shafts, 
B=angle of rotation of driving shaft from position of 
shaft A, Fig. 1, 
C=angle of rotation of driven shaft from corresponding 
position. 
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MISCELLANEOUS MECHANISMS, 


Mr Buckingham has also calculated the relative positions of the 
two shafts for various angles between the shafts by this equation. 
The results are given in Table 2 and graphically i in Fig. 7. 


TABLE. I.—RELATIVE SPEED OF DRIVEN SHAFT— SPEED oF DRIVING 
SHAFT = 100 
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The floating lever is a device for the indirect, graduated control 
of large forces through the initial application of small ones. The 
small force, for example that of the operator’s hand, is applied to a 
hand lever which, through the interposition of a floating lever, is 
made to control the movement of, for example, a piston under 
steam pressure, the movement of the piston following that. of the 
hand lever as though mechanically connected with it. The force of 


should suddenly give out, the brake would be automatically set. 
The steam cylinder has a valve placed at its bottom, admitting 
steam below a piston, when turned in one direction, and allowing 
the steam to escape when turned in the opposite direction. In 
order to make the piston respond to a slight motion of the hand lever 
d, this valve must set line on line and have no lap. Directly above 
the steam cylinder is a distance piece which allows the stuffing-boxes 
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of the steam and oil cylinders to be adjusted. The oil cylinder above 
has a valve in the center which puts the upper and the lower parts 
of it in communication with each other, and is set to open and close 
with the steam valve below by means of arod. The function of the 
oil cylinder is to lock the whole mechanism in place when the weight 6 
has assumed the desired position. 

Above the oil cylinder is the crosshead guide and crosshead which 
takes the end of the piston rod, and is connected to the weight b 
through a rod. The crosshead eliminates any tendency to bend the 
piston rod that might result from the swinging of the point of attach- 
ment to the weight lever e. Over the crosshead guide is the floating 
lever f.. The point g of the floating lever is attached to the weight b 
so that its motion corresponds to that of the weight. The point 4 
is attached to the steam and oil valves of the thrust cylinder c. The 
operator’s hand lever d is connected to the point 7. 
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Fic. 8.—The floating lever. 


For the sake of clearness, let us assume that the motion of the 
thrust cylinders is to take the steps outlined below. As the operator 
moves the lever d from the position « to the position y, the floating 
lever is moved to the position indicated by the dotted line, pivoting 
about the point g. Raising the point / opens both the steam and the 
oil valves. This admits steam under the piston, and as it rises it 
takes the weight b with it, pushing the point g of the floating lever 
to the position z. In doing so, the floating lever moves down until 
the point h is reached, when the steam and oil valves close and all 
motion ceases. 

In reality, the motion does not take the decided steps outlined 
above. It is clear, of course, that as soon as the steam valve opens 
the least bit, the steam piston will move, forcing the point g up 
immediately closing the steam valve again. If the valve is tuimed 
in the other direction, which is effected by moving the hand lever d 
away from y, the steam in the cylinder escapes, being forced out by 
the weight b. The point g on the floating lever follows up the weight 
and tends to close the valves again, and resists any further falling 
of b. It can now be plainly seen that when the operator moves the 
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hand lever d, the weight 6 immediately follows. When watching a 
thrust cylinder in operation, it is very difficult to detect any motion 
at the point /, so closely will the weight b follow the hand. ; 

It will also be noticed that the oil valve moves exactly with the 
steam valve; in other words, both are opened and closed at the same 
time. When once the weight b has closed the oil valve, the mechan- 
ism is solidly locked, permitting of no motion until it is again opened. 
This prevents any overtraveling of the thrust pistons and ultimately 
the dancing of the weight b, which might otherwise happen when an 
elastic medium like steam or air is used for the operation of the 
auxiliaries. ; 

The final result is that the brake shoe is applied with a graduated 
pressure, precisely as though connected mechanically with the 


hand lever. 


Velocity and Force Relations in Linkwork 


All motions in a plane may be regarded as turning motions—motion 
in a straight line being regarded as a turning motion about a center 
at an infinite distance. In the case of pulleys, gears and similar 
parts, Figs. 9 and 10, the motion is about fixed centers, while in 
many other cases the centers themselves move. A case in point is 
a vehicle wheel rolling upon the ground, Fig. 11, in which the center 
about which the wheel turns at any instant is its point of contact 4 
with the ground, this point moving forward with the wheel and trac- 
ing the line ab. This point a is called the instantaneous center. 
Similarly a circle a, Fig. 12, rolling on a second stationary circle b 
turns at any instant about the point of contact c of the two circles 
which point ¢ is the instantaneous center. 

These very simple cases assist to an understanding of the somewhat 
difficult conception of motion about a moving center. Certain 
principles of obvious truth as applied to turning about fixed centers 
are equally, although less obviously, true as applied to turning about 
moving centers. Thus referring to the revolving disk, Fig. 9, it is 
obvious that at any moment, the direction of motion of any point 5 
of the disk is that of the perpendicular bc to the radius ab. Therefore, 
if the direction of motion is known, we have the first of these prin- 
ciples: 

(A) The center of motion of any moving point is located in a line 
drawn through the point and perpendicular to the direction of motion. 
If the point moves in a straight line this statement still holds true, 
with the proviso that the center of motion is at an infinite distance. 

Other principles are: 

(B) The velocities of all points at the same distance from the 
center of motion are equal. 

(C) The velocities of points at different distances from the center 
are to one another as those distances. 

From (B) and (C) we obtain a graphical method of finding the 
velocity of any point from the known velocity of any other point of a 
revolving disk as follows: 

(D) The velocity of point b, Fig. 10, being represented to scale by 
the length of the line dc, to find the velocity of point d, draw the 
arc de from the center a, draw ac and, through e, ef parallel to be, 
and ef is the velocity of d. 

Let Fig. 13 represent a set of four links jointed as shown, the link 
ab being held stationary as in a vice and as indicated conventionally 
by the short inclined lines leading from it. Link ab represents the 
frame of actual mechanisms. 

In this piece of linkwork links ad and bc turn about the pins @ 
and and our first consideration is the character of the motion of 
link cd. The pin cis a part of both links dc and cd. Its motionis 
determined by the fact that it is part of bc, the direction of that 
motion being the arrow ce perpendicular to bc. As it can have but 
one motion, its direction of motion when considered as part of link 
cd must also be this arrow ce, By principle (A) the center of its 
motion as part of link cd must be somewhere in a line bf through ¢ 
and perpendicular to ce. Applying the same’ reasoning to pin d, 
its center of motion when considered as part of link cd must lie 
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somewhere in a line af through d and perpendicular to dg. Now 
the link cd being a rigid body, it moves as a whole and all points on it 
must turn about the same point. Since that point for one end of it 
lies in line bf and for the other end of it in line af, the single point 


rf 


Fic. 12. 


ae P 


Fic, 17. 
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taneous center, we obtain the path abcd traced by the instantaneous 
center corresponding to line ad, Fig. 11, and cb, Fig, 12. 

Suppose, now, we have given the velocity of point ¢ of link ad, 
Fig. 15, and wish to find the velocity of point f of link bc. Represent- 
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Fics. 15 to 19.—Velocity relations in link work. 


about which the entire link, for the instant, turns must be at the 
This point is the instantaneous center 
of link cd corresponding to point a of Fig. rr and point c of Fig. 12. 

By drawing the parts in a series of positions as in Fig. 14 and then 
drawing a smooth curve through the various positions of the instan- 


intersection f of these lines. 


ing the velocity of point e by the length of the line eg and applying 
principle (D), we find the velocity of point d to be the length of the 
line dh. Drawing the arc di from the instantaneous center 7, we 
obtain the point 7. If this point were carried by a short arm ik 
projecting from link cd, it would, by principle (B), have the same 
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velocity as point d. Laying down iI equal to dh and again applying 
principle (D), through the triangular construction from Tie eae 
center j, we find the velocity of pin ¢ to be cm. Repeating the con- 
struction again from center 6, we find the required velocity of f 
to be fn. These simple constructions are all that are required in 
similar cases. ; 3 

The constructions so far shown will give the velocity relation be- 
tween any two points at any selected position of the mechanism. 
Ina shaper mechanism, for example, the complete study of the motion 
makes necessary the laying down of a velocity diagram in which the 
velocity of the cutting tool at various points is plotted vertically 
to scale along a horizontal line the length of which represents a com- 
plete stroke. It is necessary only to repeat the construction shown 
in connection with Fig. 15 for a sufficient number of positions to 
obtain these various velocities for the velocity diagram. These 
repeated constructions involve the drawing of a good many lines, 
but the constructions being simple repetitions of one another, these 
numerous lines do not lead to mental confusion if the principle is 
understood. 

It should be noted that in many mechanisms the lines leading to 
the instantaneous center become parallel at certain positions and do 
not meet, and in other positions near this one these intersections fall 
beyond the limits of the drawing board. The former case does not 
lead to uncertainty, as it shows that the velocity of the connected 
pins ¢ and d, of Fig. 15, are identical and call for no construction. 
The velocity curve on each side of this point is usually quite flat and 
does not need closely spaced points for its determination, such points 
as can be found by constructions that fall within the limits of the 
drawing board being sufficient. 

The simple constructions shown give a complete exposition of the 
method, but additional illustrations are desirable for those to whom 
it is new. 

Fig. 16 represents the common crank, connecting-rod and cross- 
head mechanism of a steam engine, and by the construction shown 
we obtain the velocity of the crosshead compared with that of the 
crankpin. Recalling the proviso of principle (A), we draw the 
vertical through the center of the crosshead pin, extend the crank 
and find the instantaneous center a of the connecting-rod. Letting 
be represent the velocity of the crankpin, we draw ac. From a 
as a center and through the crosshead pin center, we draw the arc 
de and find point e, which, were it a point of an arm ef of the con- 
necting-rod, would, by principle (B), have the same velocity as the 
crosshead pin. Drawing eg, its length is that velocity. 

Fig. 17 represents the mechanism of an oscillating steam engine, 
the block at the right oscillating on its trunnions, while the inclined 
link slides through it. The construction for finding the velocity of 
this sliding link as compared with the crankpin is given in the illus- 
tration, but is so similar to the last one that detailed description 
seems unnecessary. 

Fig. 18 shows the Whitworth quick return motion. The radius 
arm ac is the constant length, constant speed, first-motion radius 
arm of the Whitworth motion, bc, carrying the slide, being the vari- 
able length, variable-speed radius arm and ab being the eccentricity. 
Adding link de and slide e, we have the mechanism complete. 

The radius arms ac and bc here revolve about fixed centers, and when 
comparing their velocities we have no instantaneous center to con- 
sider. Let the velocity of pin ¢ of arm ac be represented by the line 
of The velocity of this pin in the direction perpendicular to arm 
be Is C4 found by constructing the triangle cfg. The velocity of pin 
d is di found from cg as shown. To obtain the velocity of the tool 
slide ¢ we find the instantaneous center h of the connecting-rod de 
and draw hi. The arc ej drawn from h gives the point j having the 
same velocity as é, this velocity being 7k. 

Fig. 19, which differs from Fig. 18 in the proportion of its parts 
only, shows the oscillating arm quick return motion found on most 
shaping machines, 


The line ab of Fig. 18 has been lengthened and the fixed-length 
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radius arm ac shortened and placed at the top instead of the bottom; 
that is, the mechanism has been turned bottom side up. The con- 
struction for the velocity of the tool slide scarcely differs and is 
lettered in the same order, cf being the constant tangential velocity of 
the crankpin, cg its velocity perpendicular to the swinging arm and 
di the velocity of pind. The instantaneous center of the connecting- 
rod de is at h, and the velocity of the tool slide is 7k. 


The Force Relation 


The velocity relation having been found, the force relation is given 
at once by the principle of virtual velocities, which tells us that the 
forces exerted are inversely as the velocities. 

That is, referring to Fig. 15, 

force at f velocity of e 
force ate velocity of f 


or , 
velocity of e 


force at f=force at ¢X velocity of f 


An illustration is found in the force relation of the common toggle 
joint, Fig. 20, in which a known weight is attached at a and it is 
desired to find the resulting thrust at 6. The velocity with which 
the weight descends, which need not be known but is assumed as 


Fic. 21. Ls 


Fic. 20. 


Fics. 20 and 21.—Force relations in link work. 


represented by any convenient length of line as ac, is resolved by 
the triangle acd into tangential and horizontal components, of which 
the former is ad. The corresponding velocity of pin e is ef. The 
instantaneous center of link be is g. The point having the same 
velocity as 6 is h, and the velocity of h and of bis hi. Now we have: 


_force atb __ velocity of @ 
weight at a _ velocity of 


or 


force at b=weight at a St 
3 


A more complex case of force relations is found in the double 
toggle joint of a compressed air riveting machine, Fig. 21. At a is 
the piston pin, the cylinder and piston being indicated. Link ab 
joints with bc, ¢ being fixed to the frame. Link bd connects pin } 
with the slide to which the rivet closing die is attached. 

The piston, as in the last case, is assumed to move at any con- 
venient velocity represented by the line ae. Drawing af perpendicu- 
lar to ae and extending bc, we find f the instantaneous center of ab. 
The are ag locates point g which, were it attached to ab by the arm 
gh, would move with the same velocity as the piston. Laying down 
gv equal to ae and drawing if and bj, we find bj the velocity of point 
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b. Next, we find the instantaneous center of bd at k. The arc dl 
gives the point / which, were it attached to bd by an arm Im, would 
have the same velocity as d, and drawing /m, we have that velocity. 
‘i It should be noted’ that we may also find a second point o having 
the same velocity as d, but the velocity op found from it is obviously 
equal to In. In point of fact there are always two such points, on 
opposite sides of the instantaneous center. Were the arc de of Fig. 16 
extended to a complete circle, it would give a second intersection 
with ab beyond the instantaneous center. In Fig. 16 the second 
point is beyond the limits of the drawing, while in Fig. 21 it is within 
them, and that is all the difference there is between the two cases. 
The force relation is given by the equation: 


gi 
ln 


pressure on rivet =pressure on piston X 


The Geneva Stop 


The designing of the Geneva stop is shown in Fig. 22 and explained 
as follows by E. Kwarrz (Amer. Mach., June 8, 1911): 

Referring to the illustration, the driving roller E is shown leaving the 
star wheel, after having turned the latter through part of one revolu- 
tion; or in the position of entering the star wheel for driving, if the 
direction of rotation is reversed.. The round part HKQ, which 

-may be cast in one with the crank disk O, is in position to lock the 
star wheel until the roller enters at G; or releasing it until the roller 
leaves at G, depending upon the direction of rotation. Part of the 
circle HKQ is cut away at the left for clearing the arms of the star 
wheel. 
. In using this movement, the designer may either determine the 
number of slots he wants in the star wheel, which will limit the rela- 
_ tive time of operation and the dwell of shaft A during one revolution 
of shaft B; or he may settle approximately the relation between operat- 
ing time and locking time on shaft B, which will limit the number of 
slots in the star wheel. 
Let N=number of slots in star wheel. Examining the drawing 
it will be seen that angle A must always be 90 deg. in order that 
pin £ may enter the slot properly, and 


6 
Angle «= — (a) 


To anyone familiar with geometry, it also is plain that 


a+f=180 deg. 
from which 


B=180—a (b) 


Again consulting the drawing, it may be seen that the smallest 
number of slots with which it would be possible to operate the star 
wheel would be three. The greatest number of slots possible depends 
upon the diameter of the star wheel and the size of the slots. If the 
slots could be considered infinitely narrow, their number might be 
infinite. Thus the theoretical limits for number of slots lie between 
3 and infinity. Of course, the largest number possible in practice 
will not be very great, but the probabilities are that this limit will 
not often have to be reached. 

Suppose that the number of slots is determined, and one desires 
to find the relation between operating time and locking time during 
one revolution of shaft B. By formula (b) angle § expresses the 

“operating time in degrees. If it is desired as a fraction of one revolu- 
tion of shaft B, call this fraction Bi. 


B 
Then, Bt= "60! but from (0) 


and from (a) op 
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go — 362 
Therefore, iS 
Bi= 
360 
i I 
or B, => z a N (c) 
From formula (¢) we may obtain 
I 
ee (@) 


This formula will give N only approximately, unless the answer 
should be a whole number. As N is the number of slots, it can, of 
course, be only a whole number, and Bi eventually must be made to 
correspond. 

Examples.—Assume, first, that number of slots V is determined; 


6 
Then from formula (a), & =e =6o0deg. From formula 


(b), B=180—60=120 deg.; and from formula (c), Br=}—34=} 
revolution of shaft B, for operating time. 

Changing the conditions, assume Bi=}; that is, ¢ turn of shaft B 
is desired to operate the star wheel. Then, from formula (d), 


say V=6. 


I ‘ F 
N= ;—7z=4 slots required in the star wheel. It would seera logical 
2—4 


that four slots would give { operating time, but this does not hold 


for all fractions, as the next example will show. 
ETO 
Assume Bi=+t. Then from formula (d), LS ie) = 3%; but; 
a i= 

as N can be only a whole number, we will have to be satisfied with 
either three or four slots in star wheel and take B what it comes for 
this number. 

In most cases where this device would be used, one probably 
would start out by deciding upon a certain center distance, if this 
is not already fixed; then construct a semicircle DEFC upon this 


a 
center distance and lay out an angle DCE=~ Connect DE and 


draw line GD, extending it toward H, which will make an angle 
QDH = 8, limiting the ends of the clearance cut QH of the locking 
circle. 

Radius r of the locking circle is somewhat a matter of choice. 
As a standard, the nearest sixteenth of an inch to the result obtained 
from expression: r= DE—14d, d being the diameter of driving roller 
may be taken. The shape of the clearance cut is found by tracing 
one arm of the star wheel on one piece of tracing cloth and the crank- 
pin roller, center of crank disk and circle HKQ on another piece of 
tracing cloth. Fasten these pieces with pins to the drawing board 
with their proper center distance, placing the crank-pin tracing on top, 
and rotate together, tracing the arm of the star wheel in different 
positions on the crank-disk tracing while turning over center D. 
Draw a curve QH that will clear these marks. The curve may be 
cast with a considerable clearance, but the end points H and Q should 
be located properly on the legs of angle 8, as described. 


Distance DE=radius of crank circle=DC sin - To find the 


extreme radius of star wheel, make an accurate layout, and scale 


a - 
distance CP; or calculate thus: CE=DC cos —" Assume diameter 


Then, 


Pieris Te 
Che \ (<) 4+ (CE)? 

If an accurate layout is made, the calculating of CP is not necessary 

It will be seen from the illustration that the number of slots may 

not be very much less than 6 before the crank disk O will interfere 

with the hub of the star wheel. When such becomes the case, the 

crank disk will have to ha placed on the opposite side of the star 
wheel. 


of driving roller=d. 
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Rock Arms and Link Work 


The length of rocker arms to divide equally the side vibration of the 
connecting link may be obtained from the formulas 
2-40? 
Use ert 
at+vVa?—b? 
at ee 


the notation being as in Fig. 23. 


Fic. 23.—The length of rocker arms. 


Vibrating levers are frequently required to transmit a reversed 
motion along two parallel lines, with a given stroke along each line 
and a given distance apart. Let AB, Fig. 24, represent the stroke 
and center line of one motion, CD the stroke and center line of 
the other, and EF the vertical distance between them. To find 
the position of the central stud and length of the levers: Lay 
off EH=% stroke AB and FN=} stroke CD on opposite sides 
of EF, and draw HN. The intersection of HN with FE is the 
center of oscillation. Draw GK at right angles with HN andG 
and K are the middle and extreme positions of the upper pin. Draw 
MR at right angles with HN and M and Rare the extreme and middle 
positions for the lower pin. This gives the length GO for the upper 


arm and RO for the lower. 
Solving the problem mathematically: 


S b 
7— tan @, and —= tan al, 
s 


Ay 
b=* 
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ie 
and Boel eT 
Also, AB: EO :: CD: FO. 


This gives a simple formula for computing the length of arms which 
will give an equal vibration on each side of the central line of 


tion. 
problem in link work, which occurs in the layout of Corliss valve 


gears, together with its solution, by E. H. Berry (Amer. Mach., 
Aug. 13, 1908), is shown in Figs. 25 and 26. 


B\ Fic. 26. 
. 25 and 26.—A problem in link work and its solution. 


Given the point O and the three positions OB, OC, and OD of an 
arm of known length swinging about O; given the point Q and the 
angles b and c; required the length of the arm QR and the length of 
the link BR. 

Solution: Draw QB and QC as in Fig. 26. With center Q and 
with radius QB draw the indefinite arc BB, with the same center, 
and with radius QC draw the indefinite arc CC;. Lay off the angle 
BQB, equal to the given angle c, and lay off the angle COC; equal to 
the given angle 6. Find the center T of a circle passing through the 
three points B,, C; and D. Then QT is the required length of arm, 
and DT is the required length of link. 

When obstructions interfere with the rise and fall of the end of a 
vibrating lever, it may be made to travel in an approximately straight 
line by the construction shown in Figs. 27 and 28, by A. E. Guy 
(Amer. Mach., Apr. 21, 1898). The lever slides over a guide block 
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swiveled to a fixed point and is driven by an oscillating crank arm 
connected to its lower end. Mr. Guy has found that, assuming 
the upper end B, Fig. 27, to be guided in a straight line, when the 
angle 2a, Fig. 27, is as large as 75 deg., and OE =about one-third of 
OB, the path of the point E is almost an arc of circle, and for 2@=go0 
deg., which value may be considered as extreme for an ordinary 
_ lever, the curve coincides with the arc of a circle until near the ends 
E and E’, when it bends inward. 

Consequently if the point E, Fig. 27, is made to travel along the 
arc of a circle EAE’, the path of point B will be very nearly a straight 
line. It is easy to find the radius of the arc since it passes through 
three points whose positions are known. 

In Fig. 27 the lever is shown at its two extreme positions, BE, and 
B’E’. Draw AE, and at its middle draw the perpendicular DF, then 
DA is the radius of the arc. For many purposes this graphical 
method is sufficiently accurate, but for other cases the following 
equations may be used: 


Fic, 28. 


Fics. 27 and 28.—A straight line lever mechanism. 


Fie. 27. 


In Fig. 13 let BE=a 
OE=b 
DA=r 
he 
and we have ire Ace (a) 


(0) 


Since angle @ is known, the value of angle 6 will be easily found by 
formula (a) when the sine of 29 will be taken from trigonometrical 
tables and introduced in equation (6). 


The Ball Expansion Drive Stud 


The ball expansion drive stud, Figs. 29 and 30, invented, patented 
and largely used by the Link Belt Co., was by that company pre- 
sented to the mechanical public, without fee or royalty, through 
the American Machinist of Dec. 9, 1909. 

The illustrations show sections before and after driving. The 
rivet or stud is a plain piece of stock having a hole drilled in one end, 
with a chamfer surrounding the hole and then cut off from a bar of 
cold-rolled stock. 

A hard-steel ball, bought at a very low price from the culls taken 
from the balls selected by makers of bearings, and slightly larger than 
the hole in the end of the stud, is dropped into the hole ahead of 
the stud, which is then driven into place over the steel ball, as 
shown in Fig. 30. The chamfered end of the stud aids in closing it 
around the bail. 
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The amount of expansion on the lower end of the stud depends 
upon the difference between the diameter of the hole and that of the 
ball. The diameter of the hole in the end of the stud should be about 
three-quarters of the outside diameter, and the depth of the hole in 
the stud should equal the diameter of the ball. Excessive driving 
weakens rather than increases the hold. The depth of the hole in 
the casting should be about twice the diameter of the stud for small 
sizes and 1% times for large sizes, while the difference in diameter 
between the ball and the hole in the stud should be about 3 in. 

Tests have shown that 75- and 4-in. studs are about 20 per cent. 
stronger than bolts of the same diameter, and the average grip of 
a g-in. stud is nearly equal to the breaking strength of a bolt of this 
size. 

These studs are greatly superior to screwed-in studs. They have 
been used by the Link Belt Co. with complete success in sizes up to 


_ B 


Fic, 31. 
Frcs. 29 to 32.—The ball expansion drive stud. 


FIG. 32. 


Zin. Table 3 gives the dimensions for small sizes. While the ex- 
perience of the Link Belt Co. has shown complete security of the con- 
struction, the larger sizes may, if desired, be given a security which 
no one can question by the method shown in Figs. 31 and 32, by 
PROFESSOR SWEET (Amer. Mach., Jan. 19, 1905). A simple’ wabble 
drill, Fig. 31, chambers the bottom of the hole while the ball expands 


the steel into the chamber, Fig. 32. 


TABLE 3.—DIMENSIONS OF EXPANSION DRIVE Stubs 


In. In. In 
Dirametom ol sucer ae eee nena ys 4 a 
Depthrol holes stage sates te ee 2 3 
Sizerof ballis.ch atcsin acta cere fe Te 3 
Diameter of center bore.............. i) 37 z 
Depthvof center bore: <.5..0caeers oes | er oy 32 


Balance Diaphragms 


The effective balancing area of a diaphragm, when opposed to a 
poppet valve with a knife-edge seat, has been worked out by JAMES 
CLARK (Amer. Mach., Oct. 27, 1904). Referring to Fig. 33, he finds 
the effective area of the diaphragm to be expressed by the formula: 


; T 
effective area = = 


in which R=outer radius of diaphragm, ins., 
a=radius of stem connecting valve and diaphragm, ins. 
To make use of the formula, calculate the area to be balanced, that 


(R?2+ Ra— 2a?) 
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i le 
is, the annular area between valve and stem. eee: Se Sate , 
te radius of the valve to be § in. and of the stem 7 in., this a : 


{()-O1- 


which is to be equated with the formula for the effective area of the 
diaphragm giving: 
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in which P=total effective pressure of the valve against its seating 


surface. 


For conical seated poppet valves the slant height of the inner and 


outer cones are to be treated asrandR. These are to be ane 

in formula (a) and the value of d found. The coneis then tobe 4 

oped and such part of { 7d? used as the developed cone is of ae 
Formula (a) applies strictly to non-elastic fluids only; but the differ- 


= (R?4-Ra—2a2) =a 
es a 


2 2 93 
or, R?+Ra—2a —er, 
I 
which, as Oey, becomes: 
eee 
4 64 


which, solved for R, gives 


R=1.185 or —.935 in. 


of which the positive value is the one available. 
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Required Dia. 
Fic. 33.—Effective balancing area of diaphragms. 


The formula of the preceding paragraph may be 
applied to the balancing of poppet valves with 


other than: knife-edge seats by the consideration of 
the following paragraph. 

The effective pressure or equilibrium area of poppet 
valves, when closed, formed the subject of an experi- 
mental investigation by Pror. S. W. Rosinson 
(Trans. A. S. M. E., Vol. 4). These experiments 
showed the presence of a creeping film of steam in 
the valve seat, the pressure of which, beginning at 
the pressure of the high-pressure edge, decreases to 
that of the low-pressure edge and acts to partially 
balance the applied pressure. The result of the ex- 
periments was to develop a formula for the area of 
the surface which, multiplied by the applied pres- 
sure, equals the actual closing pressure, this area 
being the effective pressure or equilibrium area of 
the valve. For flat-seated poppet valves the for- 


mula is: 
SR ts /R 
tart BE) () 


in which d=diameter of the equilibrium area, ins., 
r=inside radius of valve, ins., 
R=outside radius of valve, ins., 
Pi=pressure on inner area, lbs. per sq. in. abs., 
p2=pressure on outer area, lbs. per sq. in. abs. 


I 
Then are ™d*(p1— py) (0) 
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Fic. 34.—Dimensions of a section of cast-iron floor plate. 
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Surface Plates 


Fic. 35.—Section of a floor plate foundation. 


ences between calculated results from the formula and experimenta] 
results using steam pressure were small, 


Cast-iron Floor Plates 


The construction of cast-iron floor plates for use with portable 
machine tools, as practiced at the works of the General Electric Co., 
is shown in Figs. 34-35, by John Riddell, who originated this system 
of doing heavy machine work (Amer. Mach., Nov. 28, 1907). Fig. 
34 gives the dimensions of one section, which is planed and grooved 
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on the edges, surfaced on top and provided with regularly spaced 
holes for pouring the grouting. 

The holes should be made of a size such that, with rags for packing, 
a piece of pipe about 3 ft. long may be inserted, Pouring the pipe 
full of grout produces a hydrostatic head which forces the grout 
under the plate and forms a solid bed for it. 

Fig. 35 relates to an earlier pattern, when the plates were made 
heavier and less dependance placed on the foundation. It, however, 
shows the character and dimensions of the foundation. Fig. 36 
gives a section of a floor at the same works used for erecting and 
testing but not for machining operations. Various details are shown, 


Rt 


; Section of Rail and Slot Floor Construction 


2 Rails for Floor Construction 


Gt aaa 


Spreader for 2 Rails 


Details of Spreader Blocks and Joint of Z Rails 
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To get the third radius lay off a base line AB, Fig. 39, of any 
convenient length, and divide it into five equal parts by the points 
1, 2,3 and 4. At one end of this line erect the perpendicular AG; 
equal to the radius AH, and at the other end erect the perpen- 
dicular BD, equal to the radius CG. Connect the upper ends of 
these perpendiculars by the line CD. From point ‘2 erect the per- 
pendicular 2 #. The length 2 EF will be the desired third radius. 
With the compasses set to this radius find, by trial, a center J, 
Fig. 38, from which a curve can be struck which will be just tan- 
gent to the curves struck from the centers H and G. Lines drawn 
from J through H and from G through J will determine the meet- 
ing points of the different curves. 
From other centers similarly located 
the remainder of the ellipse is 
formed. In many cases one-half 
the major axis is a satisfactory 
value for the third radius. 

For narrow ellipses the radius AH 
with which the ends are formed 
should be lengthened as follows: 
When the breadth of the ellipse is 
one-half of its length lengthen AH 
-one-eighth; if the breadth of the 
ellipse is one-third of its length, 
make AH one-quarter longer; if the 
breadth is one-quarter of the length 
make AH one-half longer. 


Joint Spreader 
for 2 Rails 


Arcs of Circles 


The radius of a circular arc of 
which the span and rise are given, 
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Method of Locating and Supporting Rails while putting in the Concrete Foundation 


Fic. 36,—Section and details of an erecting and testing floor. 


including the method of locating and supporting the rails while 
putting in the foundation. If the rails and beams are reason- 
ably straight, no machine work, other than drilling, is necessary. 


Laying out Approximate Ellipses 


The layout of approximate ellipses by four circular arcs may be 
facilitated by the use of Fig. 37, by S. J. TELLER (Amer. Mach., 
Feb. 6, 1908). To use the chart, find the length of the major axis 
on one side of the sheet and the length of the minor axis on the 
top or bottom. Follow the corresponding horizontal and vertical 
lines to their intersection and read on the curved lines or by inter- 
polation the radius of the larger arcs. Then find the length of the 
minor axis on one side of the sheet, and the length of the major 
axis on the top or bottom. Follow the corresponding horizontal 
and vertical lines to their intersection and read on the curved lines 
the radius of the small arcs. In some cases it may be found more 
convenient to put in the small arcs by the cut and try method, 
as it is a simple matter to draw in arcs which will connect the 
large arcs and pass through the ends of the major axis. 

The layout of approximate ellipses by eight circular arcs may be 
facilitated by the method shown in Figs. 38 and 39 (Amer. Mach., 
Mar. 18, 1909). 

Lay out the long diameter AB and the short diameter CD, Fig. 
38, crossing each other centrally at F. Construct the parallelogram 
AECF, and draw the diagonal AC. From E draw a line at right 
angles to AC, crossing the long diameter at H and meeting the 
short diameter, extended, if necessary, at G; H is the center, and 
AH the radius for the end of the ellipse; G is the center, and CG 
is the radius for the side. 
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Ha Cast lron Spread 


may be found as follows: In Fig. 
40, g being half the span 4, the rise 
and r the radius, 
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_ To lay off the length of a circular arc on a straight line; Draw the 
chord ab, Fig. 41, and extendit. Make bc=4ab. Withc asa center 
strike the arcad. The length bd of the tangent at } equals the length 
of the arc ab very nearly. If the arc is of 60 deg. the error is a 
little less than yoy of the length of the arc, the error varying as the 
fourth power of the angle subtended. 

To lay off the length of a straight line on a circular arc: Draw the 
arc tangent to the given line ab, Fig. 42, at a. Make ac=} ab. 
With c as a center strike the arc bd. The length ad of the arc equals 
the length ab very nearly. The error of this construction and the 
law of its variation are the same as those of the one above. 
Both the above rules are due to Prorrssor RANKINE (Rules and 
Tables). 

Circular arcs of large radius may be drawn by the instrument 
shown in Fig. 43. The pencil a is located at the extremity of the 
rise of the arc and knife-edged weights 6d are placed at the extremities 
of the chord. The parts being then clamped in position, the pencil 
will trace a true circular arc as shown. 

A compass for circular arcs of large radius, which is not a make- 
shift, is shown in Figs. 44 and 45 by U. Prrers (Amer. Mach., 
Oct. 12, 1899). The entire instrument is 25 ins. long and it will 
fit arcs of any radius up to infinity. It consists of the rod A, an 
assortment of metal disks D and D;, drawing pen holder P and 
weight g, Fig. 44. 

By placing on the rod A one disk D, of somewhat smaller di- 
ameter at a certain distance from the other D, it is clear that by 
rolling the instrument over a plane (by means of handle H), on 
the principle of rolling cones, every point of the rod will describe 
an arc of a certain radius. 
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The relations between the desired radius R, Fig. 45, the distance |, aa : 


a between the disk edges and the diameters d and d; of the disks 


h ti from which Table 4 is obtained. 
are given by the equation: 


Example-—Required the settings for an arc of 52 ft. radius. Con- 
K- sulting the table, the third change disk of diameter 33 ins. should be 


‘ be Psy 
placed on the rod at a distance at OT t.=o7% Ins. 


Fic. 41. Fic. 42. 
Fics. 41 and 42.—Lengths of arcs and straight lines. 


0 1 2 3 d 5 6 7 8 9 10 


Radius| _ 


Fic. 43.—Instrument for drawing circular arcs of large radius. 


TaBLeE 4.—Disk DIAMETERS AND SETTINGS FOR LARGE CIReCLE 
Compass 
Radius | Diameter of change ner —— 
a moedt seg ies steady and change disk 
G Rinins. | Rinft. | oe | edges 

24to 96 | 2to 8 3 a=} R 

06 to 384 | 8 to 32 32 c= R 

E 384 to 1536 | 32 to 128 3# o=& R 

1536 to 6144 | 128 to 512 38 a=sh,R 

Permissible Cost of Special Shop Equipment 

The justifiable cost of special shop equipment from small jigs and 
fixtures up to large special machine tools is to be found by balancing 
Cc the cost against the saving. If such equipment is to be profitable 
is must return its original cost during its useful life, pay interest on 


A 1 amas waartd B this cost and then a profit in addition. A ready method of determin- 
Fic, 30. ing the justifiable cost from the estimated life and saving is found 
Fics. 38 and 39.—Laying out approximate ellipses by eight circular 12 Table 5 by Joun H. VAN Deventer (Amer. Mach., May 13, 
arcs. 915) the use of which is best shown by an example: 
Required the permissible cost of a special tool that will have a 
If the larger disk be of 4 ins. diameter. this ee probable life of two years and is to save thirty dollars per annum. 
4 In line with the saving and below a probable life of two years we find 
oe 4e that if the cost is $45.30 the return on the investment will be Io per 
4—ad 


cent., if the cost is $39.50 the return will be 20 per cent. and so on. 
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TABLE 5.—Prorit RETURN ON INVESTMENT IN SPECIAL SHOP EQUIPMENT oF A GiveEN LENGTH oF USEFUL LIFE 


The table includes 6 per cent. interest on the investment over and above the 
permissible investment is in direct proportion. 
found in the table for a saving of $50.00 per annum. 


per cent. given as earned. For greater annual savings than those sh 
Thus for an annual saving of $500.00, i ie 


a life of two years and a return of 20 per cent. read $657.00 for $65.70 


Estimated Probable life one year Probable life two years Probable life five years 
Sa Per cent. earned on investment Per cent. earned on investment Per cent. earned on investment 
atecisa enkgewe 20 ; 30 40 50 10 20 30 40 50 10 20 30 40 50 
; -|per cent./per cent./per cent./per cent.||per cent./per cent./per cent. per cent.|per cent.|/per cent.|per cent.}per cent..per cent.|per cent 
pac) 8.60 7.90 -30 6.80 
= aie Mee “i ee 6.40 I5.10 13.20 11.60 10.40 9.40 27.80 21.80 17.80 I5.10 I3.20 
ee ie 2 4.7 13.70 12.80 30.30 26.30 23.20 20.80 18.90 55.50 43.50 35.70 30.30 26.30 
a 5 2 Pare 22.00 20.60 19.20 45.50 39.50 34.90 30220 28.30 83.30 65.20 53.50 45.50 39.50 
34.5 31.80 29.40 27.40 25.60 60.50 52.60 46.50 41.60 37.80 III.00 87.00 71.40 60.50 52.60 
(0) 7 
a o ox a 36.80 34.30 32.10 75.70 65.70 58.10 52.00 47.20 139.00 | 108.80 89.30 75.70 65.70 
es See ae 44.10 41.10 38.50 91.00 79.00 69.80 62.40 56.60 167.00 | 130.00 | 107.00 91.00 79.00 
e : = = fo) 51.50 47.00 45.00 106.00 92.00 81.40 72.90 66.00 194.50 | 152.00 | 125.00 | 106.00 92.00 
i ae 3.50 58.90 54.90 51.40 I2I.00 | 105.20 93.00 83.20 75.50 || 222.00 | 174.00 | 143.00 | 121.00 | 105.20 
Be 77.60 71.50 66.20 61.70 57.80 136.00 | 118.50 | 105.00 93.60 85.00 250.00 | 196.00 | 160.00 | 136.00 | 118.50 
Estimated Probable life seven and one-half years Probable life ten years Probable life fifteen years 
annual Per cent. earned on investment Per cent. earned on investment Per cent. earned on investment 
savin 
eet Bae) 20 30 40 50 10 20 30 40 50 ae) 20 30 40 50 
per cent./per cent./per cent.|per cent.|per cent.||per cent.|/per cent.|/per cent.|per cent.|/per cent.||per cent. per cent.|/per cent./per cent.|per cent. 
$10 34.20 25.40 20.30 16.90 14.40 38.50 27.80 21.80 17.80 I5.10 44.20 30.60 23.50 I9.00 16.00 
20 68.00 51.00 40.60 33.80 28.80 77.00 55.50 43.50 35-70) 30.30 88.30 61.20 47.00 38.00 32.00 
30 102.00 76.50 61.00 50.60 43.30 TI5.50 83.30 65.20 53.50 45.50 132.50 92.00 70.40 57.00 48.00 
40 136.50 | 102.00 81.20 67.50 57.60 I54.00 } III.00 87.00 71.40 60.50 I77.00 | 122.50 93.80 76.00 64.00 
50 I7I.00 | 127.00 | 103.00 84.40 72.00 193.00 | 139.00 | 108.80 89.30 75.70 221.00 | 153.00 | II7.00 95.00 80.00 
60 205.00 | 153.00 | 122.00 | Ior.00 86.50 231.00 | 167.00 | 130.00 | 107.00 91.00 265.00 | 184.00 | 140.00 | 114.00 96.00 
70 239.00 | 178.00 | 142.00 | 118.00 | ror.00 270.00 | 194.50 | 152.00 | 125.00 | 106.00 310.00 | 214.00 | 164.00 | 133.00 | 112.00 
80 273.00 | 204.00 | 162.50 | 135.00} I15.00 308.00 | 222.00 | 174.00 | 143.00 | 121.00 354.00 | 245.00 | 187.50 | 152.00 | 128.00 
90 307.00 | 229.00 | 183.50 | 152.00 | 130.00 348.00 | 250.00 | 196.00 | 160.00 | 136.00 398.00 | 276.00 | 211.00 | 171.00} 143.50 


OZ 


Fic. 44. 


Fic. 45. 


Fics. 44 and 45.—Compass for large circles. 


Weight of Solids of Revolution 


The volume and weight of solids of revolution may be found by the 
rule of Guldinus: The volume of any solid of revolution is equal to 
the area of the axial section multiplied by the length of the path 
of the center of gravity of that section. The section must be entirely 
on one side of the axis of revolution. 

With irregular sections (for example car wheels) the determination 
of the area of the section and of its center of gravity is troublesome, 
especially when it is desired to design a body of a given weight. 
For such cases Gro. F. Summers (Amer. Mach., Jan. 15, 1903) has 
devised an experimental method of sufficient accuracy for all practical 
purposes. The section a, Fig. 46, is cut from a piece of cardboard, 
mounted on an accurately balanced stick, and so located on the stick 
that the center of revolution of the body coincides with the pivot ¢ 
of the stick. A balance piece cut from the same cardboard, of a 
size explained below and with its center line marked, is placed upon 
the stick, a position being found by trial such that the pieces balance, 
when the distance x from the pivot to the center of the balance card, 
measured to a suitable scale, gives the weight of the body of revolu- 
tion, 

According to the rule of Guldinus: 

volume of body =area of section X 2rr 


in which r=radius of center of gravity of the section (which need 
not be known). 
weight of body =area of section X 2rrm 


in which m=weight of a unit volume of the material. The last 


equation may be transposed to read: 


I : 
area Xr =—— X weight 
arm 


The left side of this equation is the moment of the left side of 
Fig. 46. If the area of the balance card be made equal to = and 


the parts be balanced as explained above, the distance « will repre- 
sent the other factor of the moment, that is the desired weight. 
If area be in square inches and r in inches, then 


area of balance card oe sq. ins. 
27m 
and 1 in. radius of balance card represents 1 lb. weight. 

So large a scale as 1 in, for r lb. would, in most cases, lead to an 
inconvenient or even impracticable length of stick. In such cases 
it is only necessary to reduce the length representing 1 lb. to any 
desired value and then multiply the area of the balance card to 
correspond. That is to say, if 1/9 in. represents 1 lb., then 
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I 
nce card =—— X10 
area of bala peo 


In the case shown in Fig. 46, 1400 in. represents 1 lb. and the value 
of x is 6.12 ins., showing the weight of the body of revolution to be 


612 lbs. 
In order to design a body of a given weight an approximate section, 


somewhat too large, is first made, the radius of the balance card is 


b 


eee 
Fic. 46. 


Fic. 42 


Fics. 46 and 47——Experimental method of finding the weight of 
solids of revolution. 


adjusted to the value for the desired weight and the trial section 
is then trimmed until the pieces balance. The balance card once 
made is used for all pieces of the same material and for the same 
relation of weight to radius of balance card. 

The radial section card may be made to a reduced scale if due 
account be taken of the fact that the weights of similar bodies are 
to each other as the cubes of their like dimensions. If the radial 


a a 
| r 
' b 
| 0 


a 
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scale, i.e., if the drawing scale be 1g size, multiply the scale beam 
reading by 2, if }4 size, by 4, etc. 

In the construction of the apparatus a small glass bead is inserted 
in the stick for a bearing, the support being a fine sewing needle 
driven into the wall with some distance beads to preserve its position 
as in Fig. 47. 
: Diameters of Shell Blanks 


When a sample is furnished the best method of finding the diame- 
ter of a shell blank is by comparative weights. A disk of 1 sq. in. 
area, that is 1.128 ins. diameter, and of the same gage metal as 
the sample is cut out and this disk and the sample are then weighed 
on a fine and accurate scale. The weight of the sample divided by 
the weight of the disk gives the area of the article and of the required 
blank in square inches, from which the diameter of the blank is 
readily calculated. That is 


if a=area of sample and blank, sq. in., 
W =weight of sample in any unit, 
w= weight of disk in the same unit, 
d=diameter of blank, ins., 


W 
=a 
w 
2 
and as pede 
4 
W xd? 
we have —=— 
w 4 
from which amr1284)% (a) 
w 


i 


Fics. 48 to 51——Graphical method of finding the diameters of shell blanks. 


section card be made to a scale of 34 full size, its area will be 4 the 
full area and if the section card be located on the stick by the ie 
scale its moment will be 3g the full moment. If now the balance 
card be made according to the above rule and full size the scale 
beam reading will give the weight of a body of the Ay actual 
section as the section card, that is (1¢)'=1¢ the weight of the full 
size body. If, however, the balance card be also made to the lg 
scale, its area will be 4 the full area and its radius—that is the Abe 
scale beam reading—will be multiplied by 4 and become 1¢x4=14 
the weight of the full sized body. Therefore we have the fe 
Make the balance card to the same scale as the section card ahd 
multiply the scale beam reading by the reciprocal of the drawing 


If a sample is not at hand, the rule of Guldinus supplies a graphical 
method which is applicable to any cross-section, provided the shell 
be a surface of revolution. It assumes, as do the previous and 
other methods, that the thickness of the metal is not changed 
during the operation. The rule of Guldinus which is the basis 
of the method is as follows: The area of a surface generated by 
the revolution of a line about a central axis is equal to the length 
of the line multiplied by the circumference of the circle traced 
by the center of gravity of the line. It is thus only necessary to 
find the length and center of gravity of the desired profile to find the 
area of the desired article from which, as it is also the area of the 
blank, the diameter of the blank is easily determined. This method 


te ——— 
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as explained by F. Sparxuut (Amer. Mach., Dec. 4, 1913) is as 
follows: 
If a=area of article and of blank, sq. ins., 
r=radius of center of gravity of generating line from the central 
axis, ins., D 
J=length of generating line, ins., 
d=diameter of shell blank, ins. 
‘we have, by the rule of Guldinus: 
a@=2nrl 
and, as the area of the article equals the area of the blank, we have 
also: 


ra? 
@=— 
4 
na? 
or 2a) =—— 
4 
from which d=+/8;/ (b) 


in which it is only necessary to find r and / in order to calculate d, 
L being readily obtained from the section of the article and r by the 
following graphical method. Note that / is the length of one-half 
the complete section, that is, its length on one side of the axis, and 
the center of gravity is also that of one-half the section. 

The center of gravity of the entire half section is obtained graphic- 
ally from the centers of gravity of parts of it which are known. 
Taking first, for illustration, the simplest possible case, a flat bot- 
tomed shell, Fig. 48, the center of gravity of the part ab is at its 
center d and that of bc is at itscentere. At the right make a’b’=ab 
and b’c’=be, their sum being / of formula (b). Choose the pole o at 
any convenient point and draw a’e, b’o and c’o. Drop perpendiculars 
df and eg from the centers of gravity d and e and of any convenient 
length. Draw fk parallel with a’o, fg parallel with b’o and gh parallel 
with c’o when the radius r of / is the required radius of the center of 
gravity of section abc to be substituted in formula (0) in order to 
find the required diameter of the blank. 

Taking next the flanged straight shell, Fig. 49, locate the centers 
of gravity e, f, g of the sections, construct the polar diagram and drop 
perpendiculars from the centers of gravity as before. In drawing 
the parallels to the rays of the polar diagram, begin with one extreme 
as a’o, drawing /i of indefinite length and parallel with a’0. Follow 
in order with /j parallel with 6’o, jk parallel with c’o, and kl parallel 
with d’o, giving r as before. 

In the case of a bevel flanged round bottom shell, Fig. 50, the 
only difference from the preceding case grows out of the fact that the 
center of gravity g of the arc cd lies within the arc and not on it. 
In laying down the polar diagram the length of cd may be obtained 
from a table of circumferences, graphically by Rankine’s rule for 
rectifying an arc, which see, or by the slide rule. The center of 
gravity g of the arc is to be found by the rule for that purpose, which 
see. In the case of the most usual arc—a quadrant—we have the 
relation gh=.9003 Xhi, hi being the median radius. Laying down g 
the process becomes the same as that of Fig. 49, the bevel flange 
introducing no new feature. 

Considering finally a more complex case, Fig. 51, locate the centers 
of gravity of the arcs as in the last example, construct the polar 
diagram and find r by drawing parallels to the rays of the polar 
diagram, beginning with one of the extreme rays and following with 
the others in order, as directed in connection with Fig. 49. 


Addition of Binary Fractions 

The addition of binary fractions is usually made an unnecessarily 
laborious operation. They should be added in essentially the same 
manner as decimals, adding first those with the largest denominator, 
dividing the result by 2, setting down the remainder of 1, if there 
is any, and carrying the quotient to the fractions having the next 
smaller denominator. The following illustration will show the 
analogy between the processes of adding these and decimal fractions. 
Let it be required to add the quantities: 

4at3itavetatedstivetast2a=? 
21 
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Beginning with the fractions having the largest denominator—32— 
we add them and obtain: 
3+5+9=3 =tetas 
the jy forming part of the answer and the 3's; being carried to the 
sixteenths, which are next added, thus: 
8+7+9=f = +i 
the 3’; forming part of the answer and the 4% being carried to the 


eighths, which are then added, thus: 


r2+3=4f=2-+4 
the § forming again part of the answer and the } being again carried 
to the fourths thus: 
(ha Sa a aa, aa 
Proceeding as before with the whole numbers we have 
2+4+3+4+2+1+2=18 

and, annexing the several remainders to the final 18, we have the 
answer 


18+$+¢3 +16 +32 = 1835 or 183 +93 
the latter being the preferable method of expression on drawings. 


Standard Cross-sections 


Standard cross-sections for drawings in accordance with the rec- 
ommendations of a committee of the A. S. M. E., 1912, are given 
in Figs. 52 and 53. ‘The author gives them, not because he believes 
in such conventions but because many others do, and if they are to be 
used at all uniformity is obviously desirable. The committee rec- 
ommend that subdivisions of any of the materials shown generically 
in Fig. 52, should be made by taking one of these standard cross- 
sections as a basis and making minor changes, but maintaining the 
general characteristics; or by writing on the standard section the 
name of the material. To illustrate, the committee has subdivided 
concrete into concrete blocks, cyclopean concrete and reinforced 
concrete, as shown in Fig. 53; and also wrought steel into nickel, 
chrome and vanadium steels. 

In the author’s opinion the method shown in the lower right-hand 
corner of Fig. 52 is the only one to be encouraged. ‘The others are 
nothing but hieroglyphs which require memorization by all concerned 
or the constant consultation of akey. The hieroglyphs are memor- 
ized by few and why they, with the necessary key, should be pre- 
ferred to self-explanatory English has never been explained. It is 
impossible to make such a schedule complete, as Fig. 52 will show, and 
resort must be made to simple English in the end. Why not use it 
in all cases? The whole plan is a case of system gone to seed. 


Filing Notes and Clippings 


Every engineer finds a systematic plan of filing and indexing notes 
of experience and clippings from technical papers a necessity. No 
technical paper is worth preserving entire, such preservation, in fact, 
soon defeating its own purpose by the bulk of unclassified information 
to which it leads. 

A satisfactory plan should embody the following features: (x) A 
minimum of pasting and indexing; (2) indefinite expansibility; (3) 
notes, clippings and references to books should be kept together; 
(4) all related information should be grouped together. 

Repeated publication in technical papers of methods of filing and 
indexing leads the author to include here his own method (Amer. 
Mach., March 11, 1909). Itis an adaptation of the vertical filing 
system, a file box (containing one-half the alphabet) being shown in 
Fig. 54. 

The articles which it is desired to preserve are simply clipped out 
and folded to uniform size. A letter is written at the title of the 
article to indicate its place in the box, the clipping is dropped into 
place, and that is all there is of it. The index letters on the clippings 
are necessary to insure their replacement where they belong after 


consultation. Many articles may be indexed under several heads, 
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The size of the box should be such as to take the standard 6 Xo in. 


and unless the index letter is used an article is sure to be dropped into Paes from standard 9x95 feaedieme cequire seein 


: page. 
i future. : : 
he wrong place at some time in the : oluti 
Mee bedi on sheets of stiff squared paper, cut to the size Blue See s va 
to which the clippings are folded, which are dropped in place among 1 oz. red prussiate of pot ash, 


the clippings. These sheets also serve for references to books and 


oz. water, ve 
oz. citrate of iron and ammonia, 


& 


oz. water. 


\ 
\\ 


Cast Iron Wrought Iron Cast Steel Wrought Steel 
7 
& S4 Yi 
Babbit or Copper, Brass ye ni 
White Metal or Composition ds tacatin 
Lith 


Al 


Puddle 


Wa 
Concrete Brick Coursed Uncoursed Ashlar 
Rubble 


Rock Original Filling Sand 
Earth Materials 
Fic. 32 - Recommended Standard Cross section 


Cyclopean Expanded-Wire or 
Concrete 


Metal Rods 
Reinforced 


Concrete 


—— a ee ee ae 
———————— ————E——E———e ee 


Wrought Stee] ‘Nickel Steel Chrome Steel Vanadium Stee] Fic, 54.—Index file for notes and clippings. 
' 
Fic, 53. - Typical Subdivisions : : . 
A. S. M. E. standard cross sections. Motalic Teton See | 


The paper should be sized with glue or paste, and zinc oxide, in 
powder, should be sprinkled on before the size is dry. When dry | 
the paper must be pressed or rolled smooth. Running it through a 
photographic burnisher gives the best surface. | 

For a pencil, use a brass wire with end rounded and buffed smooth, 


for cross references to articles printed on the backs of others. As the 
collection grows, folders are used to segregate matter on various 


subjects and when the box is full its contents are divided between 
two boxes as in the illustration. 
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PERFORMANCE AND POWER REQUIREMENTS OF TOOLS 


For the carbon content of steel suitable for various cutting tools, 
see Index. 


Power Constants for Lathe Tools 


The pressure on cutting tools formed the subject of an exhaustive 
investigation by F. W. Taylor and his associates (Trans. A. S. M elitr 
Vol. 28). Following are Mr. Taylor’s general conclusions regarding the 
tangential pressure of the chip on lathe tools when cutting cast-iron. 

(A) The total tangential pressure of the chip on the tool in cut- 
ting cast-iron of the different qualities experimented upon varies 
between the low limit of 35 tons (of 2000 lbs.) per sq. in. sectional area 
of chip for soft cast-iron, when a coarse feed is used, and 99 tons 
per sq. in. sectional area of chip for hard cast-iron, when a fine feed is 
used. 

(B) In cutting the same piece of cast-iron, the pressure of the chip 
on the tool per sq. in. sectional area of chip grows considerably 
greater as the chip becomes thinner, and slightly greater as the cut 
becomes more shallow in depth. ‘The following are the high and low 
limits of pressure per sq. in. of sectional area of the chip when light 
and heavy cuts are taken on the same piece of cast-iron: 

Depth of cut § in.Xfeed .0328 in.: Total pressure per sq. in 
sectional area of chip, 128,000 lbs. Depth of cut 2% in.X feed -1292 
in.: Total pressure per sq. in. sectional area of chip, 75,000 lbs. 

(C) The same fact mathematically expressed is that in cutting 
the same piece of cast-iron, the pressure of the chip on the too per 
sq. in. sectional area of chip grows greater as the thickness of the chip 
grows less in proportion to (thickness of feed) ¢, 

The pressure of the chip per sq. in. of section also grows greater 
as the depth of the cut grows less in proportion to (depth of cut) +s. 

(D) The effect upon the pressure of the chip on the tool of a change 
in the thickness of the feed and the depth of the cut is the same 
for hard and soft cast-iron, and is represented by the same general 
formula, with a change merely of the constant. 

(EZ) In taking cuts having the same depth and the same feed, the 
pressure of the chip on the tool becomes slightly greater the larger 
the cutting tool that is used. This increase in the pressure follows 
from the fact that the larger the curve of the cutting edge of the tool 
the thinner the shaving becomes, 

Following are the corresponding conclusions regarding the tan- 
gential pressure on the chip when cutting steel: 

(A) The total pressure of the chip on the tool in cutting steel of the 
different qualities experimented upon varies between the low limit 
of 92 tons (of 2000 Ibs.) per sq. in., and the high limit of 168 tons 
per sq. in. sectional area of the chip. 

(B) In cutting the same piece of steel, the pressure of the chip 
on the tool per sq. in. of sectional area of the chip grows very slightly 
greater as the chip becomes thinner, and is practically the same 
whether the cut is deep or shallow. The following are typical cases 
illustrating the relative pressures of a thin feed on the one hand and 
a coarse feed on the other: 

Depth of cut 3; in.Xfeed -0156 in.: Total pressure per sq. in. 
sectional area of chip, 295,000 Ibs. Depth of cut 3% in.Xfeed 125 
in.: Total pressure per sq. in. sectional area of chip 257,000 lbs, 

(C) The same fact mathematically expressed is that in cutting 
the same piece of steel, the pressure of the chip on the tool per sq. 
in. of sectional area of the chip grows faster as the thickness of the 
chip grows less in Proportion to (thickness of feed) 1s, 


The pressure of the chip is in direct proportion to the depth of the 
cut. 
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(D) Within the limits of cutting speed in common use, the pressure 


of the chip upon the tool is the same whether fast or slow cutting 
speeds are used. : 

(Z) The pressure of the chip upon the tool depends but little upon 
the hardness or softness of the steel being cut, but increases as the 
quality of the seel grows finer. In other words, high grades of steel, 
whether soft or hard, give greater pressures on the tool than are given 
by inferior qualities of steel. 


(F) The pressure of the chip on the tool per sq. in. of sectional 


area of the chip depends both upon the tensile strength of the steel 
and its percentage of stretch, and increases bothas the tensile strength 
and stretch increase; although a higher tensile strength has more 
effect than a large percentage of stretch in increasing the pressure. 

Mr. Taylor considers the most important conclusion resulting 
from his experiments on the pressure of the chip on the tool to be 
that the gearing designed in lathes, boring mills, etc., for feeding 
the tool should be sufficiently strong to deliver at the nose of the 
tool a feeding pressure equal to the entire driving pressure of the chip 
upon the lip surface of the tool. 

The pressures on cutting tools may be determined from F igs. I and 2, 
by H. L. Srwarp (Amer. M ach., Nov. 16, 1911), which represent 
the formulas developed by Mr. Taylor as follows: 

P=230,000 DFi8 
P=CDtF? 
in which P= tangential pressure, lbs., 
D=depth of cut, ins., 
F =feed, ins., 


For steel, 
For cast-iron, 


C=a constant which varies from 45,000 for soft cast-iron to 
69,000 for hard cast-iron. 


Note that in Mr. Taylor’s experiments the pressures were measured 
at the tool and do not include the effort necessary to drive the machine. 
Below the charts will be found directions for their use. 


Power Constants for Twist Drills 


The torque and thrust of twist drills formed the subject of extensive 
tests by Dempster Suits and P. Porrakorr (Proc. I. M. E., 1909). 
The results have been plotted by W. T. Sears, Mech. Engr., Niles- 
Bement-Pond Co. (Amer. M ach., Sept. 5, 1912) whose charts are 
repeated in Figs. 3 and 4 from which the torgue and thrust of twist 
drills within their range may be obtained. The use of the charts is 
explained below them. 

The steel experimented upon was of medium hardness —.29 per 
cent. carbon, .625 per cent. manganese. 

Note that in the experiments the torque was measured at the drill 
and does not include the friction of the driving mechanism. 

Experiments on smaller drills in cast-iron only, were made by C. S. 
FRAREY and E. A. ApAMs (Journal Worcester Polytechnic Institute, 
1906). The results for terque, after averaging, are presented in 
Fig. 5 (Amer. M ach., Feb. 14, 1907) together with those for thrust 
(Henry Hess, Amer, Mach., A pr. 25, 1907). The use of the torque 
chart is best shown by an example: 

For a $-in. drill at a feed of 1 5 thousandths per revolution, raise a 
perpendicular from the intersection a of the size of drill, and the x 5 
thousandths feed lines to the observation line. To find the height 
of the intersection, ad may be taken in the dividers and compared 
with the vertical scale of torques, or we may follow one set of diagonals 
to c, and the other to d, and there read 195 Ib.-ins, 

(Continued on page 327, first column) 
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Connect the depth of cut and the rate of feed and read the pressure on the tool from the middle scale. 


Fic. 1.—Pressure on lathe tools when cutting cast-iron. 
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Fic. 2.—Pressure on lathe tools when cutting steel, 
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Enter the left, lower scale of feed per revolution of spindle for tongue and horse-power at the point representing the given feed; trace 
vertically upward to the full curve of the given drill diameter; then horizontally from this intersection to the right, crossing the 
scale torque in lbs. ai 1 ft. radius, from which the torque can be read; then continuing to the inclined line of the given speed. From 
this intersection trace vertically downward to the horse-power scale and read the horse-power required. To find the end thrust: 
Enter the left upper scale of feed in ins. per resolution for end thrust with the given feed and trace vertically downward to the broken 
line representing the size of drill; then horizontally from this intersection to the left to the scale end thrust in lbs. from which the 
thrust can be read. To find the cutting speed: Enter the right vertical scale diameter of drill in ins. for culting speed with the given 
size of drill; trace horizontally to the left to an intersection with the line representing the given speed in rev. per min.; then ver- 
tically upward to the scale cutting speed in ft. per min. and read the cutting speed required. 

Fic. 3.—Torque, end thrust and horse-power of twist drills drilling cast-iron. 


As it is always permissible to use the results of a set of experiments 
somewhat beyond their actual range, the diagram has been extended 
in dotted lines to include drills up to 14-ins. and feeds up to 30 thou- 
sandths—the full line portion of the diagram representing the field 
of the actual experiments, and the dotted portions the extensions. 
The length of ef, obtained by the dividers or by following the diag- 
onals as before, shows the torque for a 1-in. drill under a feed of 25 
thousandths to be 476 lb.-ins. 

In these experiments, also, the torque was measured at the drill. 
The chart for thrust is self-explanatory. 


Power Consumed by Drilling Machines 


A very complete and remarkably concordant series of tests were made 
by H. M. Norris, Mach. Engr., the Cincinnati Bickford Tool Co. 
(Amer. Mach., Aug. 13, 1914), using 1, 134, 114, 134 and 2 in. drills 
of the forged twist type and 2, 214, 214, 234 and 3 in. drills of the 
flat twisted type, the materials operated on being cast iron, of which 
the chemical composition and physical properties were not deter- 
mined, and machinery steel having the following composition and 


properties: 


CAlid sYoasro(eie (HCN sie. Gk oD DUD OOO ee or mOIIG .18 
iia pameseny Pen iCel ts veal toi aj .isrus aicuers age te 6, « 54 
SHLICOMMPCINCENU LE Mame nik hn arIS Asay sins 4 300 


Sill nl alime, jos Cal coe one) uno ne eo DUDOeeE .050 


Phosphorus. pemcentac cree cere een OSS 
Mensile strens thy lbs. per sqatn uss erele ie 56,200 
IBlastic init. lbs perc. Dee ee niaereie sel eie ek: 34,200 
Hlongation\iny2\in\, per Centon ame ete 7.5 
ReduCHON Olarea, :penCen te. 66.0 


The power consumed was obtained from the current readings of 
the motor, corrected for the motor losses, the values used being the 
net power absorbed by the drilling machines. The machines used 
were Cincinnati Bickford 6-ft. plain radials, for which Mr. Norris 
deduces the general formula: 


h.p.=¢| rp.m.—348 (4 3) nal (a) 


in which c=a factor which includes the machine used, the diameter 
of the drill and the feed, 
d=diameter of drill, ins. 


For one of the machines used, which was fitted with a ball thrust 
bearing for the drill spindle only, this formula becomes: 

For 1- to 2-in. drills of the forged twisted type drilling cast iron with 
back gears disengaged: 


rate I ie p 
h.p. =.335 a!-25f. | :pm.—348 (a3 (0) 
Machine steel, back gears disengaged: 
I 3.08 
— 1.25/.88 coe i 
h.p.=1.218 d}-75f | rpm. 348 (si) | (c) 
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Enter the left lower scale of feed in ins. per revulution for torque and end thrust at the point representing the given feed; trace ver- 
tically upward to an intersection with the full curve representing the given drill diameter; thea horizontally to the right, crossing 
the scale of torque in lbs. at x ft. radius, from which the required torque may be read; then to the line representing the given drill 
speed and from this intersection vertically downward to the horse-power scale, from which the power may be read. To find the 
end thrust: Enter the scale of feed per revolution ; trace vertically upward to the broken line representing the size of drill. From 
this intersection trace horizontally to the left to the scale end thrust in lbs. from which the desired thrust may be read. The cutting 
speed is found in the same manner as on the preceding chart for cast-iron. 


Fic. 4.—Torque, end thrust and horse-power of twist drills drilling steel. 


2- to 3-in. drills of the flat twisted type: cast-iron, back gears disen- For a second machine (the Cincinnati Bickford 6-ft., high speed, 
gaged: high power plain radial) having ball thrust bearings for both the 
h.p.= .2r dl-t7f.74 [ -p.m.— 348 ( I el (d) drill spindle and the reversing gears, the general formula becomes, 

: d+ .6 for machinery steel: 


Cast-iron, back gears engaged: 


h.p. =.252 ary] rp.m.—3a8( I ) 3.08 


amy | (e) h.p.=.152 (R+2.1) a9 rpm. (55°+68) | (2) 
Machine steel, back gears disengaged: 
h.p.=1.12 di-77f.96 [ -p.m.—348 (3) ail (f) in which R=ratio of gearing between intake shaft and drill spindle, 
acing coh ae eae 
nemrnarymfeamasa(gi)™] | 


: In order to eliminate the u logari i i 
in which d=diameter of drill, ins., oental, area thee a 


values for the various exponential expressions given in Tables 
and 2 were calculated. 


(Continued on next page, second column) 


f=feed, ins. per revolution. 
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TABLE 1.—VALUES OF EXPONENTIAL EXPRESSIONS INVOLVING d IN 
Formutas (0) to (4) 
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* ; mn 3.08 Gane 
Diam. | q}-25 | qi-77 y 8 | —— we 
348 \ G46 reed 
56 -556 +435 189.5. 90.3 TABLE 3 
34 .698 601 138.2 76.4 Power consumed by a Cincinnati Bickford, 6-ft., regular plain radial drill 
1g .846 .789 105.0 66.6 with ball thrust bearing at drill spindle only in driving 1- to 2-inch twist 
I TmGaG ThooS 81.8 é drills of the forged type and 2- to 3-inch drills of the flat twisted type in cast 
z : : 59: iron and machinery steel at various speeds and feeds.- The asterisks show the 
back gears to have been engaged. 
I 1.158 A 9 ae : ; F : ac 
as 5 Sue 64.9 53 - Particulars of drills Cast iron Machinery steel 
lg 1.322 1.484 52 48.5 
: “3 P Type of | Diam. .,, |Feed per revolution,| Feed per revolution, 
13g 1.489 1.757 42.8 44.8 aaall of Speed of drill cae Hts, 
14 1.660 2.050 35°4 41.6 drill Rev..| Ft. :| .013| .018| .024 | .0009 | .or3 | _.018 
y I 220 60 T84)° 2.371 -2: 2.84 | 3.92 | 5.23 
154 1.833 2.360 30.4 38.9 I 267 70 | 2.32| 2.98] 3. 3-57 | 4.94 | 6.58 
1% 2.013 2.693 25 or 36.6 I 306 80 | 2.81] 3.61] 4. 4:33 | 5.98 | 7.96 
7 I 344 90 2G |e Ano heise 5.06 | 6.99 | 9.31 
I OFS -O41 2. , é 
. : xe ; oe 18 ; pe ‘ I | 382 100 3.76] 4.83] 6. 5.79 | 8.00 |10.66 
: ‘< 14 183 60 2.17| 2.78) 3-47 | 3.33 | 4.60 | 6.14 
2h¢ 2.566 3.798 I5.9 Bin he 214 70 | 2.68) 3.44) 4.29 | 4.12] 5.70°| 7.59 
144 245 80° |. 3219] 4. TO} 5.11 [4.91 | 6.79 | 9.04 
24 2.756 S2or ge 0.0 3 : 
Ya 7S 4 ; 3-9 3 14 275 90 | 3.68] 4.74] 5.91 f§ 5.67 | 7.84 |10.45 
23 2.948 | 4.619 12.1 28.8 1}4 | 306 | 100 | 4.20] 5.30],6:73 | 6.46 | 8.93 |11.90 
2h¢ 3-144 | 5.062 TO.7 27.7 En t 
; 116 153 60° | 2.41] 3.00] 3:85 | 3.76 | 5.20.| 6.92 
ae 4 178 70° | 2.92] 3.75] 4.68 | 4.57 | 6.31 | 8.40 
5 342 ~§t ; 26. oY ; 
ae ea x 334 ae 7 « Forged 1}8 | 204 80 | 3.45] 4.43] 5.53 | 5.40 | 7.46] 9.93 
274 3-541 §-993 8.4 25.8 *s 1}4 | 220 90 | 3.96] 5.09] 6.35 | 6.20 | 8.56 |i1.40 
238 3-741 | 6.479 PS 25.0 136 | 254 | too | 4.47| 5.75] 7:17 | 7-00 |-9.66 |r2.88 
.948 6.901 6.7 24.2 : - ; 
2 aoe eae 134 T3I.| . 60 2.07) 3.43] 4.28 | 4.11 |. 5.68 | 7.57 
s 134 153 70 3.23] 4.15] 5.17 | 4.97 | 6.36 29.14 
134 175 80 3:78] 4.86] 6.06 | 5.82 | 8.04 |10.72 
TABLE 2.—VALUES OF EXPONENTIAL Expressions INVOLVING f IN 134 196 90 | 4.311 5°54 6.91 | 6.64 | 9.17 [12-21 
FoRMULAS (b) to (g) 134 218 100. 4.86| 6.25) 7.79 | 7.49 |10.34 |13.78 
Feed jf OE ype | ip ee if 8 2 115 60 | 2.88]. 3.70] 4.61 | 4.43 | 6.12 | 8.15 
: 2 134 70 | 3:44] 4.42} 5.52 | 5.30] 7.32 | 9.76 
.006 .02269 .01946 .OT108 .00736 A we a Wee RG ae cals pec well ce 
-OO7 -02543 -O2I91 -0O1270 00854 2 172 90] 4.57) 5.88] 7.32 | 7.04 | 9.73 |12.96 
.008 .02804 .02429 .01428 . 00970 20 I9I 100 | 5.14] 6.60] 8.23 | 7.92 |10.93 |14.56 
fore] .0306 .0265 .0158 .01087 : 
9 Poe ae a 4 ARS 2 T55 60 2.78| 3.54) 4.38 | 4.03 | 5.71 | 6.80 
Bue, HRB hes ves sO1739 ; 3 2 134 70 | 3.33|.4.24| 5.24 | 4.80 | 6.83 | 9.34 
2 153 80 “3..88) 4.93] 6.10 | 5.55 | 7.95 |10.87 
OIr .03553 .03104 .01897 .O1317 2 172 90 | 4.42] 5.63) 6.96 | 6.38 | 9.07 {12.40 
o12 .03 789 -03319 -02040 .O1432 2 IQl 100 4-97) ©.32| 7.82 7.17 |10.20 |13.94 
O13 -04021 03530 .02189 OES4/ 214 102 60 | 3.12| 3.98] 4.92 | 4.51 | 6.42 | 8.76 
OI4 -04248 -03737 -02339 .or661 2\4 IT9 70 | 3.73) 4.74] 5.86 | 5.38 | 7.64)|10.45 
ors -04470 - 03940 02483 -O1774 2h4 136 80 |, 4.33) 5.51) 6.81 | 6.24 | 8.88 |r2,14 
214 153 90° | 4.93/°6.28] 7.76'| 7:12 }ro.12-|13.84 
Vg! {5 : 8. 98 36} 
o16 .04689 .O4142 .02628 .01888 cis ol ai el ae ca | sii ee cola ee gl F age 
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020 .05530 .04918 .03198 .02338 216 107 70) 4.12] §224)°6-42 5-04 | 8.44 11.54 
4 I22 80 .76| 6505] 7.49 |'6.86 | 9.76 113.34 
5 05292 .03478 .0256 F.T. | 2% 4 
O22 05934 2529 347 a 246 138 90 5.40) 6.92] 8.56 | 7.84 |1I.16 |1§.25 
024 06329 05659 -03755 102727, 214 153 100 | 6.08] 7.74| 9.58 | 8.76 |12.48 |17.05 
026 .06715 . 06019 .04029 03009 234 83.4| 60* | 4.55| 5.79] 7.16 | 6.54 | 9.32 |12.72 
34 , * a 6.85) 8.48 |.°7.75 |1L.05 | 151.07 
.04300 .03 230 234 (yiecl eek | Boat) 5| 8.4 
028 .07094 .06373 ae 323 234 ia G0 | rol "Gnbok 8 ay 7 4548 1068 (rags 
030 .07466 .06720 -04509 03452 234 125 90 | §.90] 7.50] 6.28 | 8.5 }12.10 |16.53 
032 .07831 .07063 .04837 03672 234 139 100 -| 6.61} 8-40/10.4r |} 9-53 |13.55 |18-52 
.034 .o8190 .07400 .O5102 .03893 
3 76.4) 60* | 4.94] 6.38) 7.77 | 7.10 |To.r0 |73..80 
3 89.1 70* | 5.84) 7.42] 9.18 | 8.39 {11.94 |16.32 
.036 .08544 -07733 05365 BOs LES 3 102 80 |'5.62) 7.i5| 8.85 | 8.1r |rz.54 |i5.76 
.038 08894 08062 .05626 .04331 3 114 90 | 6.33] 8.65] 9.07 | 9.14 |12.08 |17-75 
.O40 .09237 .08386 .05886 .04549 é 127 | 100 | 7.10] 9.03/11.18 |ro.23 114.55 l19.90 
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Values calculated from formulas (5) to (g) which agree remarkably 
well with the observed values are given in Table 3. 
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Fic. 5.—Torque and end thrust of twist drills drilling cast-iron. 
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diameter of drill, ins. 
The object and effect of these formulas are to reduce the 


speed with 


in which d 


e Norris and Smith tests 


value of 2.1 and, in general, the results of th 


show a very satisfactory concordance, 


peripheral 


increase of diameter in order to provide for the less effi- 


cient action of the cooling liquid on large drills. 


4 in which 
t per min. 


4 representing the ratios r to x 


The values deduced from formula (h) are given in Table 


the gear ratios are shown b 
column—the figures 1 


and r toa, 


y the parentheses in the fee 


, 2 and 
respectively. This tables 


1 to 2 


gives also the results obtained 


, at this writing, have not been 


: 


Power Constants for Milling Machines 


in drilling cast-iron, but these 


formulated. 


power required for slab 


Two very complete sets of tests of the 
milling were made by Alfred Herbert 


P. V. VERNON (The Engineer, 190 


Herbert’ knee type. 


-» and reported by 
9), the machine used being of the 


, Ltd 


g to the latest practice of Mr. 


y and Wright Mfg. 


Norris’ 


The speeds of twist drills accordin 


Norris and of the Henr 


For cast iron Mr. 
min. for carbon, an 


Co. are given in Table s. 


S cutting speeds are uniformly 4o ft. per 


ing data are extracted from Mr. 


powers are the equivalents of the cur- 


The followi 


Vernon’s report. The horse- 


When 


speed steel drills. 


d 80 ft. per min. for high 
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eae and include the motor losses and also a constant loss TABLE 5.—SPEEDS OF Twist DRILLS 
ofr 8h». : — : 5 ous ohare 
; p. consumed in driving a jack shaft and countershaft through Practice of the Cincinnati Bickford Tool Co. 
which the power was transmitted. 7 zi 
rill speed, r.p.m. Drill speed, r.p.m. 
Slabbing mild steel, average of 44, 2.52 h.p. per cu. in. per min. Size High speed Corliss steel Size High speed | Corliss steel 
Slabbing mild steel, minimum, 1.95 h.p. per cu. in. per min. Hee peste Cri ae Sn sede - ne eee 250 Se ee 
Slabbing mild steel, maximum, 3.02 h.p. per cu. in. per min. aa ied Cast pie d, Ce bee Casta nits 
Slabbing cast-iron, average of 38, 1.10 h.p. per cu. in. per min. i — “ 2 steel || _ “ iron see iron steel 
Slabbing cast-ir a . : 189 iB 947 1% 175 181 7 90 
Bri g cast i on, minimum, -89 h.p. per cu. in. per min. 546 978 | 1399 | 489 | 600 1%6 | 160 °| 194 84 a7 
abbing cast-lron, maximum, 1.25 h.p. per cu. in. per min. 34 815 | 1100 | 408 | 550 174 163 | 168 81 84 
(Continued on next page, first column) Ko 699 | 904 | 349 | 452 11546 | 158 | 162 79 81 
TABLE 4 4 611 | 764 | 306 | 382 2 153 157 76 78 
Sons Ho 543 | 662 | 272 | 33 || 246 | 148 | 152 74 76 
Power consumed by a (Cincinnati Bickford, 6-ft., high-speed, high-power, 56 489 582 | 245 291 244 144 147 72 13 
plain radial drill, fitted with ball thrust bearings at both the drill spindle and Mo 444 519 | 222 259 26 140 142 70 pe 
_ reversing gears. 
& 4 
Drill Cast iron Machinery steel a 408 | 469 | 203 | 234 244 136 | 138 68 69 
- s ; Ho 379 427 | 190 213 26 132 134 66 67 
Feet Diam.) Rev. .020 2030" |) ,.0407 | 01a.| On6"<), .o207 BK 349 302 | 175 196 234 129 130 64 65 
ber of per feed, feed, feed, feed, feed, feed, 1544 326 363 | 163 aoe te 125 127 63 63 
__min. drill min. power | power | power | power | power | power 
60 (1) 34 | 306 2.76 3.52 4.20 2.84 3-53 4.15 I 306 336 | 153 168 2% 122 124 61 62 
Om (Dye e405 357, SesOuleac 20 IeSeron| 3.491) 4c32°1 “s.00 5o70) 287 | 314] 144 | 157 2%6 119 | 120 60 60 
80 (1) 34 | 408 3-081) 95.08 | 6204. |\ "4.12 | Ss t0:l 6x02 1} 272 | 204] 136 | 147 256 116 | 117 58 58 
90 (1) 34 | 459 4.60 | 5.86] 6.96] 4.76] 5.80] 6.95 1346 258 | 277 | 120 | 139 214g | 114 | 115 57 56 
roo (1) 34 509 5.21 6.64 7.89 5.40 6.68 7.88 
14 245 | 262 | 123 | 131 234 III 112 56 55 
60 (2) I 220 2.88 3.67 4.36 4.01 4.96 5.85 1546 233 248 | 116 124 213{g | 109 109 54 54 
70 (1) I 267 3.09 3.94 4.68 3.72 4.60 5.43 134 222 235 | IIL 118 278 106 106 53 53 
80 (1) I 306 3.66 4.66 5.54 4.39 5.44 6.42 Ko 212 224 | 106 II2 216 104 104 52 52 
90 (1) I 344 4.22 5.38 6.39 5.16 6.39 7.54 
100 (1) |} 1 382 4.79 6.11 7.26 5.79 7.17 8.46 1% 204 214 | 102 107 3 102 102 51 51 
1346 195 205 98 102 3% 98 98 49 49 
60 (2) TA ETSse 8 PS s1OG) 63.054 Ac7O | 4227 Boeke | ar 158 188 | 196] 94 98 34 94 94 47 47 
70 (2) Ee 2ra © 13.80 4.84 5.75 5.17 6.40 7.55 Ko 18r 189 | 90 94 342 87 87 44 44 
80 (2) TAS aaSen | §4-5001 5.74) 6.82} 5.06) 7.57 || 8.93 
90 (1) Eyez 7Se || 635-954), 5204) 599 |. 5-35. |, .6-62-], 7.87 CaRBON STEEL DRILLS 
yi | . . 
too (1) | 1H | 306 | 4.49] 5.73 | 6.8r | 6.08) 7.52] 8.87 Practice of the Henry and Wright Mfg. Co. 
| | SS SS SS SSS Se ES 
60 (2) 1% | 153. | 3.27 | 4.17 4.96 4.36 5.39 6.36 Si Feed Bronze |C. iron| Hard | Mild | Drop | Mal. | Tool | Cast 
70 (2) 14% | 178 | 4.02 | 5.12 6.08 Beas 6.62 7.81 is co brass, |ann’ld,|c. iron,| steel, | forg., | iron, | steel, | steel, 
80 (2) | 11% | 204 | 4597, 6.08 7.23 6.35 7.86 9.27 nee 2 150 ft. | 85 ft. | 40 ft. | 60 ft. | 30 ft. | 45 ft. | 30 ft. | 20 ft. 
90 (2) ieee e2sO0e| 5-5 | 47-O3.|) 8.301} °7.35 4) 9210") 10.73 * | R.p.m. |R.p.m.|R.p.m.|R.p.m.|R.p.m.|R.p.m.|R.p.m.|R.p.m. 
ee059) 1m |. 254 Pech) BE ely SSO enon say 12537 Yeo OOS artes rescuer 5185 | 2440 | 3660 | 1830 | 2745 | 1830 | 1220 
Z a3 -004 | 4575 2593 1220 | 1830 915 1375 915 610 
pos) ap Est S42 4.36 5.18 4.48 5-55 6.55 Ho .005 | 3050 1728 813 | 1220 610 O15 610 407 
70 (2) sp 153 4.21 5237 6.38 ees et onl Y% .006 | 2287 1296 | 610] ors | 458| 636] 458] 305 
80 (2) 134 175 5.00 6.38 7.58 a 712 9.5 5ie .007 | 1830 1037 488 732 366 569 366 245 
90 (2) 1% 196 5.80 | 7.39 8.78 7.60 9.41 | II.10 | 
Too (2) 1%4 218 6.59 | 8.40 9.98 8.63 | 10.68 | 12.60 36 ,008 | 1525 864 407 Hehe 305 458 305 203 
| Yo .009 | 1307 741.| 349] 523 | 261 | 392 | 261 174 
60 (4) 2 II5 4.87 6.22 7.39 6.82 8.44 9.96 wv -oro | 1143 648 305 458 rae 343 236 153 
70 (2) 2 134 4.38 5.59 6.64 5.66 7.00 8.26 56 Fort 91s 519 244 366 183 275 183 an 
80 (2) 2 153 5.21 6.65 7.90 6.73 8.33 9.83 34 One 762 432 204 305 153 ares 153 ron 
90 (2) 2 172 | 6.04 7.71 9.16 7.81 9.66 | 11.40 | 
too (2) 2 IQL 6.87 Br 7al 10332 8.87 | 10.98 | 12.95 % .013 654 371 175 Ane 131 196 131 87 
I .O14 571 323 153 229 115 172 ITS 17 
60 (4) 2% 102 5.18 6.60 7.84 6.95 8.60 | 10.14 
ee ae igre bo | ts 28 Hic Srey Dantas 
o (2 2% | 13 5.40 : : : ; : ‘ : 
go) | alk | 253 6.27| 7.00| 9.50| 7.08 | 9:88 | 11.65 Practice of the Henry and Wright Mfg. Co. 
oo (2) | 24 | 170 Teta e109 WTB 1). 9-09 | 24-50: | 23..47, : Bronze |C. iron|C. iron] Mild | Drop | Mal. | Tool | Cast 
Size | Feed | pass, |ann'ld,| hard, | steel, | forg., | iron, | steel, | steel, 
60 (4) 24 | 91.7 5.46 | 6.96 8.27 7.06 | 8.74 | 10.31 of Per | 300 ft. |170 ft.| 80 ft. | 120 ft.| 60 ft. | 90 ft. | 60 ft. | 4o ft. 
70 (4) 24% | 107 6.76 8.63 | 10.26 8.75 | 10.83 | 12.77 drill rev. R 
80. (4) eel aaa 8.06 | 10.29 | 12.23 | 10.43 | 12.91 | 15.23 R.p.m. |R.p.m.|R.p.m.|R.p.m.|R.p.m.|R.p.m,/R.p.m.| R.p.m 
90 (4) 246 138 6.46 8.24 9.79 8.14 | 10.08 | 11.89 Yo POOR ei tere ee sasll erencesses ASSO ln owes 3660) oe oan 3660 | 2440 
100 (2) 244 153 7.36 9.39 | 11.16 9.28 | I1.49 | 13.55 a) SOOAs| Sara asnes 5185 | 2440 | 3660 | 1830 | 2745 | 1830 | 1220 
36 MOOR Naga a 3456 | 1626 | 2440 | 1210 | 1830 | 1220 807 
60 (4) 234 83.4 5.73, 9.30 6.68 4.25 8.85 | 10.44 \ .006'; 4575 2593 | 1220 | 1830 Ors | 375 915 610 
70 (4) 234 97.2 7.1 9.06 | 10.77 8.87 | 10.98 | 12.95 Ko .007 | 3660 2074 | 976 | 1464 732 | 1138 732 | 490 
80 (4) 234 III 8.49 | 10.83 | 12.87 | 10.62 | 13.14 | 15.50 
90 (2) 234 | 125 9.90 | 12.62 | 15.00 | 12.34 | 15.27 | 18.00 36 .008 | 3050 1728 | 813 | 1220 | 610] 915] 610 as 
100 (2) 234 139 7.59 9.68 | I1.50 9.46 | 11.71 | 13.81 Ao .009 | 2614 1482 608 | 1046 522 784 522 34 
14 ,O10 | 2287 1296 610 915 458 636 458 305 
60 (4) 3 16.4 | 5.96 | 7.60} 9.03 7.22 | 8.94] 10.55 56 .o1r | 1830 | 1037 | 488 | 732] 366] 569] 366) 245 
70 (4) | 3 89.1 | 7.42 | 9.46 | 11.25 | 8.98 | 11.12 | 13.12 34 .012 | 1525 864 | 407 | 610) 305] 458 | 305 | 203 
80 (4) 3 102 S288) Eragan| T3045 ¢|- 20.75: | 13.3t } 15'.7% 
90 (4) | 3 115 10.33 | 13.17 | 15.65 | 12.52 | 15.48 | 18.26 4 gas ree Benes a alse pS: ae 
100 (4) | 3 127 11.75 | 15.00 | 17.82 | 14.26 | 17.65 | 20.82 I -O14 | 1143 648 | 305 | _ 45 220 Taso ao. 9 
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3. 4135 Sq. ins. of double belt passing over a pulley in 1 min. will - 

remove I cu. in. of mild steel on a miller. : nie J 
4. A 44-in. cutter on a 2-in. arbor running at 7° ft. per min. is 

capable of removing at least 3.63 cu. Ins. and possibly as much as 

6.01 cu. ins. of cast-iron, and at least 2.125 cu. ins., and possibly as 

much as 3.03 cu. ins. of mild steel per min. for each inch of width up 


to 8 ins. 


In these tests, in cast-iron, the feeds ranged between 133 and 103% 
ins. per min., the depth of cut between .14 and 1.10 ins. and the ne 
ial removed between 7.39 and 15.23 cu. ins. per min. In steel, the 
feeds ranged between § and 10 ins. per min., the depth of cut between 
.to and 1.10 ins. and the material removed between 2.88 and 6.27 cu. 


ins. per min. 


TABLE 6.—RESULTS OF CUTTING TESTS WITH AN 8-IN., 12-BLADED, 
HicH-poweR Face Mitt in MAcuinery STEEL, Cut 5 Ins. 


Wine, Brock B TaBLE 8.—RESULTS OF CUTTING TESTS WITH AN 8-IN., I2-BLADED, 
2 


C Gasias HicH-POWER Face MILt IN MACHINERY STEEL, Cur 5 INs. 
u. ins. u. ins. 3 
Depth of ppindle bs ean eee of metal re- | of metal re- WipE, Brock A 
eieaine: speed, ins. Per cai ah moved per |. moved per at x= 
ee, = aa es Depth of Spindle) Feed 4a Lie of metal re- | of metal re- 
Se rae speed ins. per | delivered to 
20 12.32 10.96 7.69 +702 eitine: pen es ae moved per | moved per 
20 12.26 II.52 7.66 -664 r.p.m. min. machir. NES, a, ee 
t 204 12.26 II.52 7.66 oe = oe ae) Ea p= re 
204 he pRGoe Xe eae 20 Ti 28s / 7.34 7-39 1.007 
204 7.51 10.96 7.04 -642. i eG 
: : 5 6.88 643 19} | 11.73 | 7-62 7.33 9 
ts z LoS eee 6.92 615 19% 11.73 7-62 7-33 -962 
a soe vihed ae 618 19} 7.25 ) 7-34 rin =a 
‘ ; 20 7-29 7.07 .83 -967 
20 5.9 12.62 Tests . 584 a: ee 
1 : ee 7.45 564 20 7-29 7-07 6.83 967 
Ane ae a 19} 7.25 | 7-07 6.80 964 
i 20 Hae) I3.20 ipete us } -558 a ae Pipe | aa an 
20} 5.97 13.46 7.45 -554 ae ‘ z 
19 / 5.58 7.62 6.97 -9OI5 
20 4.54 13.20 7.09 .537 re oe re ai | = oe 
c 204 4.66 13.46 7.28 542 5 ) ee on rei eae 
is 20% 4.68 13.20. bane ts -554 ? | ree | ed a al 
i Hee as se ae } | 20 4.56 | 7.34 7.125 -972 
20 3.48 10.96 6.53 -596 : : . 
3 20 3.49 rents 6.54 .554 s 20) pase 7-92 7-125 -90 
20 3-54 12.62 6.64 .526 20 \-4<53- 7s 8.17 7-08 -867 
20 3-47 | 7.07 : 6.51 .921 
i 20 . 3-54 7.62 6.64 -873 
20 OS AG 7.07 6.54 -925 
Z0' | | 52 7.62 6.60 -868 


TABLE 7.—RESULTS OF CuTTING TESTS WITH AN 8-IN., 12-BLADED, 
“Hicu-PoweR Face Mitt in MaAcuInery STEEL, Cur 5 Ins. 
WipE, Brock A 


5 é Cur ins: Cu. ins. Sal = ° aaa : 
Depth of tee Feed in F aes to | of metal re- | of metal re- Tests by A. L. DeLeeuw for the Cincinnati Milling Machine Co. 
cut, ins. | °P rae eter eee moved per | moved per on knee type machines, gave the results shown in Fig. 7 (Trans. 
ae : min. h.p. min. A. S. M. E., 1911). The horse-powers given are the net outputs of 
19 11.34 8.113 7-088 -873 the motors after the motor losses have been deducted from the current 
i . 
20S er este ene aie ge 
r \ : ae 
oh Pr Sa le Wegsecs 9-381 vary _Additional tests by Mr. DeLrruw (Amer. Mach., Aug. 8, 1912) 
26 16.0 14.843 10,000 674 give the results of Tables 6-11. Asa rule the material is specified by 
at 25 15.4 13.473 9 a 714 reference to a particular block whose physical properties are given 
2 4 : F . yr . . . 
a = i i se 4 pie to in Table 12. Where there is no reference of this nature the material 
26 7.44 10: 310 6.975 686 was machinery steel of a tensile strength of 55,000 Ibs. per sq. in., 
% 20 7.20 9.749 6.834 701 -26 per cent. carbon and .5 per cent. manganese. 
ag 7.32 10.319 6.863 665 In all these tests the efficiency of the motor was taken into con- 
20 Whey 10.310 6.863 665 id “i d the h f xe 1 we 
i cae et peer ee sideration, an € horse-power values given have the motor losses 
: 20 5.81 II.950 7.263 .608 eliminated. 
to} 5.69 II. 138 7.113 .638 Table 13 gives the results of cuts by Mr. DeLeeuw on German irons 
ee ; yy ae au 2 and steels. The tests of speigeleisen are noteworthy, showing but 
2 . : ; .684 : P . 
: 56 alan ae aaa eee little more power consumed than for cast-iron. 
20 4.87 | _11.959 8.512 oro In a report of some extremely (record) heavy slab milling. on 


Niles-Bement-Pond planer type machines, W. H, Taytor (Amer. 
Mach., Jan. 14, 1909) gives data from which the following are ex- 
tracted. The horse-powers are the equivalents of the current read- 


More recent tests by Mr. Vernon (Proc, Manchester Asso. of _ ings, and include the motor losses. 


Engrs., 1912) have led to the following conclusions: 

1. A 5-in. double belt driving a 16-in. pulley at a speed of goo 
r.p.m. (100,531 sq. ins. of belt surface per min.) geared to drive a 
44-in. cutter at 70 ft. per min., is able to remove as much as 48.1 
cu. ins. of cast-iron and 24.31 cu. ins. of mild steel in a minute. 


2. 2090 sq. ins. of double belt passing over a pulley in rt min. will 
remove I cu. in. of cast-iron on a miller. 


Slabbing mild steel, average of 15, 
Slabbing mild steel, minimum, 
Slabbing mild steel, maximum, 
Slabbing cast-iron, average of 8, 


2.07 h.p. per cu. in. per min. 
1.52 h.p. per cu. in. per min. 
3-71 h.p. per cu. in. per min. 
1.06 h.p. per cu. in. per min. 


(Continued on page 334, Second column) 


Horse Power 


24 6 


Spiral Nicked Milling-Cutter 
byerel Diameter; 18 Teeth and 
about 54’ Pitch. Cutting Cast 


Tron, 


coe 
4 


LZ | 
Deals 
E 
el 


ed 
lel 
ms 
liste 
8 10 12 14 i6 


Feed, In, per Min, 


PERFORMANCE AND POWER REQUIREMENTS OF TOOLS 


Rs 


cas 
Horse Power 
Oo 


KP 
o 


> 

S 
on 
oc 


2 4 


Zz 
a= 


ads 


6 


8 10 12 14 16 18 


Feed, In, per Min, 
Spiral Nicked Milling-Cutter 
814; Diameter; 14 Teeth and 
about 34’ Pitch. Cutting Cast 


2 Iron, 


oO 


Horse Power 
Pp PO me 
o o 


333 
6.0 u 

v §6©5.0 
% a: 

3 4.0 #3 4 
ay 3 
o Py 3.0 =i %s 
oo 
48 b ae uw 
“ 
% nih 
4 
% 10 : 

2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 


Feed, In, per Min, 


Spiral Nicked Milling-Cutter 


6” Diameter; 16 Teeth and 
abcut 11%” Pitch. Cutting 


Feed, In, per Min, 
End Milling-Cutter 3"Diameter, 
14 Teeth. Cutting Cast Iron. 


6 8 10 12 14 16 18 


Feed, In. per Min, 


End Milling-Cutter 5 Diameter, 


20 Teeth, Cutting Cast Iron, 
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Regular Face Milling-Cutter 94% 


Diameter, 22 Teeth, Cutting 


4 6 
Feed, In. per Min, 


Machine Steel. 


8 10 12 14 16 18 
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iZ 
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Cast Iron, 
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Feed, In. per Min, 


Spiral Nicked Milling-Cutter 3% 
Diameter, 14 and about 34’ Pitch. 


Feed, In, per Min, 


High Power Face Milling-Cutter 
8” Diameter, 6 Teeth. Cutting 


Cast Iron 


6.0 


Cutting Machine Steel. 


Ul 
Helical Milling-Cutter 34 Dia- 


8 10 12 14 16 18 


Feed, In. per Min, 
4 


meter, 414 Lead, 24 Pitcheses 
Cutting Machine Steel. 


254658 10) 12 12716) 18 


Feed, In, per Min, 


Cutting Cast Iron 


Helical Milling-Cutter 3u%, Dia. 
meter, 414 Lead, B/\g Pitch, 


Radiating lines give depth of cut. The observations are reduced to 1 in. width of cut. Composition of steel: carbon, . 20; manganese, . 50 


Fic. 7.—Power required to drive milling machines in machinery steel. 


TABLE 9.—RESULTS OF CUTTING TESTS WITH AN 8-IN., 12-BLADED, 


HicH-PowER Face MILt in MaAcuINerRY STEEL, Cur 5 Ins. 


Wipe, Brock C 


TABLE 10.—RESULTS OF CUTTING TESTS WITH 43-IN., IO-TOOTHED, 


SPIRAL-NICKED CUTTER ON MACHINERY STEEL, Cut 5 INs. WIDE 


ne F Cu. ins. Cu. ins. : 3 Cu. ins. Cu. ins. 
Depth of poradie ae is See of metal re- | of metal re- Depth of Epuaale Feed ay Ho. of metal re- | of metal re- 
cut, ins. Bpeed, BS ear ave te moved per moved per cut, ins. speed ABS PEE delivered ve moved per moved per 
- r.p.m. min. machine 5 ns r.p.m min. machine : 
min. h.p. min. min h.p. min. 
22 12.96 6.85 8.10 r.783 40} 6.22 [2.35 11.66 944. 
21} 12.80 7.14 8.056 Taras: + 41 6.2 12.60 rla72 .93 
$ 21} 12.890 6.85 8.056 1h tha fof 41 On29 12.60 TX 70: 933 
22 13.00 i Aa 8.125 1,096 40 7.8 TS r2 14.625 .968 
21} 7.96 6.85 7.462 1.09 t 200 wales | rans s 14.625 1.001 
21} 7.96 6.85 7.462 1.09 40 958 14.82 14.625 .987 
¥ 21} 7.92 6.85 7.425 1.084 40 6.090 15.93 15.22 955 
2th (pei 6.85 7-378 1.078 j 394 6.06 15.93 15.15 95 
21 6.16 7.42 7.70 1.039 394 6.05 I5 93 15.125 .948 
} 21} 6.22 7.14 7.775 1.09 40 6.11 16 20 Lena's -943 
214 6.26 Me Sih: 7.825 1.006 40 4.71 17.07 14.72 863 
214 4.89 bee 7.64 1.07 A 394 4.68 17.90 14.62 .816 
2th 4.85 7.14 7.578 1.062 304 4.68 18.75 14.62 .779 
ts 21} 4.88 ou: 7.625 -99 39 4.66 17.07 14.56 .853 
22 4.92 7-42 7.687 1.037 39 3.62 18.20 13):575 -745 
ark 3.80 7.14 7.13 1.000 } 39 3.62 18.20 1575 -745 
3.86 6.85 PeRS1/ 1.056 39% 3.63 17.63 T 30% Be fee} 
u 14 3.78 6.85 7.08 1.034 304 3. 63 17.38 = 13.61 : .782 
1} 3.80 6.85 7.13 1.042 


“Ms, 
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TABLE 12.—PuHysICAL PROPERTIES OF MACHINERY STEEL BLOCKS 


ITH A I0-IN., 16-BLADED 
TaBLE 11.—RESULTS OF CuTTING TESTS W ; : ee nee 


HicH-power Face Miti in Macatnery STEEL, Cut 5 Ins. WIDE 


a 
- Cu. ins Cu. ins Block Limit of elasticity, | Elongation per cent.| Reduction per cent. 
: id Q 4 a oc. ° 5 . 
h of Spindle | Feed in Hp. of metal re- | of metal re- |__Ibs. per sq. in. of length of section 
Deptt fo) speed, | ins. per delivered to moved per | moved per A 36,400 36 | 66 
Nd eee min. machine min. h.p. min. B 36,200 36.5 nie 
6. r 60 
153 4.61 12.64 II.525 -912 € Se = — 
12. 11.525 89 ; r = ts f 
Ae 12 es 11.625 808 Slabbing cast-iron, sie ora 10 Te ne srl ea 
J 15 5.81 17.05 14.525 -852 Slabbing cast-iron, maximum, 1.53 h.p. per cu. in. per min. 
15 5.81 16.24 14.525 -893 Channelling mild steel, averageof6, 2.33 h.p. per cu. in. per min. 
15 5.81 16.50 pe ' te; Channelling mild steel, minimum, 1.69 h.p. per cu. in. per min. 
tsi .56 13.20 14.1 : . . * ; j 
a ies 13.20 © 14.30 1.083 Channelling mild steel, maximum, 3.33 b.p. per cu. in. per min. 
i 15% 7-56 12.64 14.175 ee These tests were of extraordinary severity, a feed in steel as high 
15¢ 7.66 earoe BAST oe as 9} ins. per min. under a cut of % in. depth, consuming 162 h.p. 
ts? 7.63 12.94 14.30 . = - . . . 
es 7.70 II.00 12.02 1.092 and removing 82 cu. ins. per min., having been included. In cast- 
& 16 7.68 11.00 12.00 1.09 iron the extreme duty was the removal of 105 cu. ins. per min. under 
15% 7-63 Een Brs92 Bo058 a feed of 7 ins. per min. and a depth of cut of 1 in., the power consump- 
TABLE 13.—POWER CONSUMPTION BY MILLING MACHINES OPERATING ON GERMAN IRONS AND STEELS 
Speed of Feedin | Depth of Cu. ins. of Cu. ins. of 
Material Cutter cutter, ins. per | ae metal removed per metal removed per 
T.p.m. min. | ; min. h.p. min. 
Bar No. 1—Cast steel, 56,000-70,000 | Cutter: high-power face mill, 10 ins. 14 | 4.82 ; 3.52 837 
lbs. tensile strength; width of mate-| diameter, high-speed steel. 14 / 7.83 + 5.87 1.005 
rial 6 ins. 14 | 10.3 + 7-74 1.105 
14 6.52 ; 3 9.80 8.08 
eee eee | 
Cutter: spiral mill with nicked teeth, 32 12.96 + } 9.73 ; .640 
4 ins. diameter, high-speed steel. | 32 6.18 3 9.27 .608 
32 3.92 ? 8.80 -620 
Bar No. 2—Spiegeleisen, 17,028 lbs. | Cutter: spiral mill with nicked teeth, 20 ¥2.5 + 6.25 1.03 
tensile strength; width of material, | 4 ins. diameter, carbon steel. 20 §2.5 ; 12.5 1.02 
4 ins. 20 745 i Il.25 .990 
Bar No. 3—Gray iron, German medium| Cutter: high-speed steel, high-power | 2I 16.1 ) ? 8.05 2.12 
hard machine cast-iron, generally | face mill, 16 blades, ro ins. diameter. 21 | Is-.7 a 1I.7 2.18 
used; width of material, 4 ins, 21 | 15.5 3 Is.s 2.31 
21 14.6 i 21.9 ; 1.63 
SUSI enemesemmeneeesenaneeeee se a (a ee 
Cutter: high-speed steel, spiral mill, 49 | 20.82 ; 10.41 1.50 
43 ins. diameter. 49 | 20.70 3 20.7 2.67 
49 16.24 i 24.4 2.17 
49 12.06 3 25.82 } 1.65 
a eee Sa ee 
Bar No. 3A—Gray iron, German me- | Cutter: high-speed steel, face mill, 18 25 16.4 / ? 8.20 | 1.412 
dium hard machine cast-iron, gen- blades, 8 ins. diameter. 25 | rs.5 3 Es. 1.84 
erally used; width of material, 4 ins, 25 14.6 . i 21.9 1.370 
| 25 9.7 4 19.4 1.64 
. . e | Ce. 
Cutter: high-speed steel, spiral mill 40 20.82 : 10.41 I.14 
with nicked teeth, 4} ins. diameter. 40 20.70 ; 20.70 1.44 
40 20.52 / i 30.8 1.07 
40 7.62 t 19.05 1.29 
STi — = 
. a r ee eee) yee eee 
Bar No. 4—Siemens-Martin steel, 85,- | Cutter: high-speed steel, face mill, 8 17 0.9 ; 0.786 8 
000- 99,000 Ibs. tensile strength; | ins. diameter. 17 | 2.28 | : ae 
width of material, 3} ins. ‘ t ee -538 
17 3.04 t 2.56 .540 
; 17 4.05 t 3.52 567 
Pt Bk Ee eB SN 
e ———_—_—— SS 
Cutter: high-speed steel, cutter with 16 20.82 t 9.10 587 
nicked teeth, 4} ins. diameter, 16 12.06 es / 8.49 875 
16 ro.r ; / 8.85 | -548 
1 ee ee 16 5.31 i 6.97 | .605 
x ae tannicaneenn —_—————— 
Bar No. 5—Chrome-nickel steel, 122,- | Cutter: high-speed steel, high-power 14 4.38 } “ik ne 
000-141,000 Ibs. tensile strength;| face mill, ro ins, diameter. 14 16 ; “598 
width of material, 34 ins. =f 7.42 747 
T4 6.53 ve 4.43 -720 
So. 13.3 vs 9.02 .628 
[eS eee 
. - | en 
Cutter: high-speed steel, spiral mill 13 20.86 *k 8 
with nicked teeth, 4 ins. diameter. 13 90.86 ait -467 
. $ 9.45 .680 
I3 8.44 e 5.70 602 
a = . - 13 §.31 ry 4.64 493 
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tion being 47 h.p. The hip. per cu. in. decreased as the amount 
of metal removed increased, as follows, for steel: 
Max. duty, 162 h.p., 82. cu. ins. per min. removed, consumption 
r.99 h.p. per cu. in. 
Min. duty, 29 h.p., 7.82 cu. ins. per min. removed, consumption 
3-71 h.p. per cu. in. 
_and as follows for cast-iron: 
~ Max. duty, 89. h.p., 105 cu. ins. removed per min., consumption 
-85 h.p. per cu. in. 
Min. duty, 40 h.p., 26 cu. ins. removed per min., consumption 1.53 
h.p, per cu. in. 


Sizes of Motors for Machine Tools 


The sizes of motors for machine tools, according to the practice of the 
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Westinghouse Electric and Mfg. Co., are given in Table 14 in which 
the horse-power recommended is based on average practice; it may be 
decreased for very light work and must often be increased for heavy 
work, ‘The class of motor is indicated by the symbols A, B, C, ex- 
plained below. The meaning ofthese symbols is sometimes modi- 
fied by notes under the tables. 

(A) Adjustable-speed shunt-wound direct-current motors wherever 
a number of speeds are essential. 

(B) Constant-speed shunt-wound direct-current motors where 
the speeds are obtainable by a gear-box or cone-pulley arrangement 
or where only one speed is required. 

(C) Squirrel-cage induction motor where direct current is not avail- 
able. A gear-box or cone-pulley arrangement must be used to obtain 
different speeds. 


TABLE 14.—SIZES OF Motors ror Macuine Toots 


Bott anp Nut MACHINERY 
BOLT CUTTERS 
Motor—A, B, or C 


Size, ins. H.p. 
Single I, 14,13 1 to2 
13, 2 2 to 3 
24, 33 3 to 5 
4, 6 5 to 73 
Double Tis 2 to 3 
2, 2% BAtons 
Triple Teele? 3 10 75 
i BOLT POINTERS 
Motor—B or C 
14, 2} I to2 
NUT TAPPERS 
Motor A, B, orC 
Four-spindle 1 3 
Six-spindle 2 3 
Ten-spindle 2 5 
NUT FACING 
Motor—B or C 
Be Batons 


Bott HEADING, UPSETTING AND FORGING 
Motor—A,! B,? or C* 


BULLDOZERS OR FORMING OR BENDING MACHINES 
Motor—B! or C? 


With, ins. Head movement, ins. H. p 
29 14 5 
34 16 72 
39 16 10 
45 18 15 
63 20 20 


1 Compound-wound motor. 
2 Wound secondary or squirrel-cage motor with approximately 10 per cent. 
slip. 


Burrinc LATHES 


Motor—B or C 
Wheels 
No. Diam., ins. H.p. 
2 6 + to# 
2 Io EptOz2 
2 12 2 to 3 
2 14 3 to 5 


For brass tubing and other special work use about double the above horse- 
power. 


DRILLING AND BORING MACHINES 
Motor—A, B, or C 


.p. 
Size, ins. Hp. Sensitive drills up to 3 in. ito ¢ 
to 1} sto 7% Upright drills, 12 to 20 ins. I 
12 to 2 gOIeE ES Upright drills, 24 to 28 ins. 2 
23 to 3 200) 25 Upright drills, 30 to 32 ins. 3 
4 to6 oR dP Upright drills, 36 to 40 ins. 5 
1 Speed variation is sometimes desired when different sizes of bolts are headed Upright drills, 50 to 60 ins. 5 to 73 
on the same machine. : te Horse-power 
; ES rare han aseae teem ce is with approximately 10 per cent. Heavy Av erage 
slip. Radial drills, 3-ft. arm. 3 I to 2 
Radial drills, 4-ft. arm. 5 to 7 2 to 3 
BorING AND TuRNING MILLS Radial drills, 5 to 6 and 7-ft. arm. 53 to 7s 3 to 5 
Motor—A, B, or C Radial drills, 8 to 9 and 1o-ft. arm. 73 to Io 5 to 73 
Horse-power oe ae —- i. 
Size Average Heavy CYLINDER BorING MACHINES 
37 to 42 ins. 5 to 73 74 to 10 Motor—A, B, or C 
50 ins. 72 72 to 10 Diam. of Max. boring H.p 
60 to 84 ins. 73 to 10 aeret 5 spindle, ins. diam., ins. 
Tato OV it 10 to 15 4 10 72 
ro to 12 ft. Io to I5 30 to4o oe a 
14 to 16 ft. T5t0) 20 4 pe - 
16 to 25 ft. 20 to 25 i } ware 
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—Sizres or Motors FOR MACHINE Toots—(Continued) 


PUNCHING AND SHEARING MACHINES 


Pirr THREADING AND CuTTING-OFF MACHINES 
Motor—A, B, or C 


es aps: aa Motor—B! or C? 
} - ; 3 Dia., ins. Thickness, ins. H.p. 
27 tO 3 5 3 1 _ 
z, to 
Fei 310 5 i ! 2 ies 
2 to 8 3 to 5 8 8 ig 
3 to 10 5 az s 3 to Ss 
4 to 12 5 3 z $s 
8 to 18 72 I 2 5 
24 Io I BS 72 
2 Ae 14 I 734 to Io 
PLANERS 13 I Io toms 
Motor—A,! B,! or C 2 : 10 to 15 
Distance a} i 15 to25 
Width, ins. under rail, ins. Hp. i: Compound-wound sncene: 
22 22 3 2 Wound secondary or squirrel-cage motor with approximately ro per cent. 
24 24 Bite & slip on the larger sizes. 
27 27 3to 5 SHEARS 
30 30 5 to 73 Motor—B! or C? 
36 36 10 to 15 Horse-power a 
42 42 I5 to 20 Width, ins. Cut ?- n. iron Cut 3 in. iron 
48 48 15 to 20 30 to 42 3 5 
54 54 20 to 25 50 to 60 4 73 
60 60 20 to 25 72 to 96 5 10 
72 72 25 to 30 Bolt ‘shears: 2..3200,2.02 ee ee ee eee 73 hep. 
84 84 30 Double-angle shears. <..W.; «<< anism <= sium ee 
I0o I0o 40 1 Compound-wound motor. 


Normal length of bed in feet is about 4 the width in inches. 
See also second table below. 
1 Compound-wound motor. 


i ROTARY PLANERS Size, ins. 
Motor—A, B, or C Er ocd 

Dia. of cutter, ins. Hp. 13X14 
24 5 <2 
3° 73 6 XI 

36 to 42 10 24X23 
48 to 54 15 qr X7 

60 20 23X23 
(Es +325 13X8 

84 ; 30 32X34 

96 to I00 40 43 round 


= 1 Compound-wound motor. 
Hyprostatic WHEEL PRESSES 


Motor—B or C PLATE SHEARS 
Size, tons H.p Motor—B! or C2 
100 5 Size of metal Length of 
: Cut per min. S P 
ASS) ht cut, ins. F stroke, ins. ae 
300 74 3X 24 35 3 To 
400 10 IX 24 20 ats 15 
600 15 2X 14 15 43 “30 
aap I 
ROLLS—BENDING AND STRAIGHTENING io Be es : rig 
Motor—B! or C2 ly v3 = 4 i 
Width, ft. Thickness, ins, Hp. . S54 18 6 75 
3 i IgX 72 20 53 bee) 
1 
6 in : I¢ X 100 10 to 12 73 75 
A a F Compound-wound motor. 
: 16 5) 2 Wound secondary or squirrel-cage motor with approximately fo per cent. slip. 
: ‘ 15 TIN PLATE SQUARING SHEARS 
S 8 25 Motor—B or C 
e i 35 Size of plates, ins. Cuts per min. H.p 
13 50 54X 54 30 73 
24 I 50 vs packs ; 
1 Standard bending roll motor. 
2 Wound secondary induction motor, lao 3° 7% 
Geey on a i packs 


Presses for notching sheet iron, motor—4A, B, or C, } to 3 hp. | 


PUNCHES 


2 Wound secondary or squirrel-cage induction motor with ro per cent. slip. 


LEVER SHEARS 
Motor—B! or C2 
H.p. 
5 
73 


10 
15 
20 


30 


2 Wound secondary or squirrel-cage motor with approximately 10 per cent. slip. 


etmek 


Ld Lee 


PERFORMANCE AND POWER REQUIREMENTS OF TOOLS 337 
TABLE 14.—SizEs oF Motors For MAcuHINE Toors—(Continued) 
_ SHAPERS MISCELLANEOUS GRINDERS 
Motor—A, B, or C Motor—B or C H.p 
Stroke, ins. H.p. single head Wicttooleriedct Men. .ae s Meee te wrens ost ie See | ohare 
I2 to 16 ¢ %2 Flexible swinging, grinding, and polishing machine.......... R 
18 2to3 INRIOLCOC GIG MLUCED acer aden ney mee wages che acer hire 3 
20 tu 24 305 PISCOnBLOCMeT NU Cramnm ae ty cere Ee eee rae ee eee 3 
30 5 to 73 DBS AEUS Galles iste dalane dan Ds eee Miele vibe eee i 
TRAVERSE HEAD SHAPER ; AUTO Mat CLOW erimdera nae. As ghee: bo beat hy ws Sie ee Oe 
20 2 
24 see GRINDING MAcHINES (GRINDING SHaFts, Etc.) 
Motor—A, B, or C 
Saws—Coip anp Cur Orr Dia. wheel, Length wo:k, Horse-power 
Motor—A, B, or C ins. ins. Average work Heavy work 
Size of saw, ins. Ep: 12 oe 5 73 
5a 3 Io 72 5 72 
re : 5 Io 06 -3 5 72 
32 7} Io 120 5 72 
36 to to 15 44 iz ae TS 
42 25 18 120 Io 15 
48 25 18 144 Io 15 
18 168 Io 15 
SLOTTING AND Key SEATING GEAR CUTTERS 
Motor—A, B, or C Motor—A, B, or C 
Stroke, ins. H.p. Size, ins. (is Hp. 
6 3 36X 9 ZeetOuns 
8 SOEs 48 X Io 3 to 5 
10 5 30X12 5 to 73 
12 5 : 60X12 5 10.47% 
I4 5 a 73 72X14 7% to 10 
16 72 64X20 Io to 15s 
18 73 to Io 
20 Io to 15 HAMMERS 
24 to to 15 Motor—B! or C? 
30 Io to 15 Size, lbs. H.p 
2 15 tor 75 2 to 5 
HorizonTAL Borinc, DRILLING AND MILLING MACHINES 100 to 200 5 to 73 


Bliss drop hammers require approximately 1 h.p. for every 100-lb. weight 
of hammer head. 
1 Compound-wound motor. 
2 Wound secondary squirrel-cage motor with approximately ro per cent. 


Motor—A, B, or C 
Size of spindle, ins. H.p. for single spindle 
5 to 7% 


3% to 43 slip. 
4} to 54 74 to 10 = 
53 to 63 Io to 15 LATHES 
For machines with double spindles use motors of double the horse-power Motor—A, B, or C 
one ENGINE LATHES 
MULTIPLE SPINDLE DRILL Horse-power 
Motor—A, B, or C Swing, ins. Average Heavy 
Size of drill, ins. Up to H.p. 12 3 2 
gz to} 6 to 1o spindle 3 14 #to 1 ae toms 
zs to? 10 5 16 recone atoms 
3; to 4 10 1B} 18 2 to 3 sy tOneS 
i to? 10 $e) 20 to 22 3 74 to 10 
2 tor 10 10 to 15 24 to 27 5 7% to IO 
2 4 3 30 Ser tomers 7% to 10 
2 6 10 32 to 36 7% to Io Io tors 
2 8 15 38 to 42 TOM LORDS 15 to 20 
48 to 54 15 to 20 20 to 25 
EmerRY WHEELS, GRINDERS, ETC. 60.1684 go stoves a5 to 30 
Motor—B or C 
Wheels WHEEL LATHES 
No. Size, ins. H.p Size, ins. H.p. Tail stock motor! h.p. 
2 6 3 to 1 48 15 to 20 5 
2 10 2 51 to 60 15 to 20 5 
2 12 3 79 to 84 25 to 30 5 
2 18 5 to 73 go 30 to 4o 5 to 74 
2 24 73 to 10 100 40 to 50 5 to 74 
2 26 7% to Io 1Standard machine-tool traverse motor. 
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TABLE 14.—S1zES OF Motors FOR MACHINE Toors—(Continued) 


AXLE LATHES 


H.p. 
Ginplemee eae ncn ct-c stan 5) T4580 
DMoublerapmsms cies 


PLOWS EZO 


Mitiinc MACHINES 
Motor—A, B, or C 
VERTICAL SLABBING MACHINES 


Width of work, ins. Ay 
24 72 

32 to 36 Io 

42 15 


HORIZONTAL SLAB MILLERS 


Width between hous- Horse-power 
ings, ins. Average Heavy 
24 7% to I0 Io to 15 
30 7% to Io to to 15 
36 Io to15 20 to 25 
60 25 50 to 60 
72 25 75 


Sizes of motors for various metal and wood-working machines, accord- 
ing to L. R. Pomrroy (General Electric Review, 1907), are given in 
Table 16. 

The sizes of motors suitable for various commercial presses forms the 
subject of an article by F. C. Frapp (Amer. Mach., May 28, 1903). 
The list is made up of presses and motors in satisfactory use, includes 
direct-belt and chain-driven presses (belt-driven preferred by Mr. 
Fladd) and is given in Table 17. 

Methods of making more accurate determinations of motor capacity 
for machine tools, especially under heavy and fluctuating loads, have 
been explained by A. G. Popcxez, Industrial Elect. Engr., Westing- 
house Electric and Mfg. Co. (Amer. Mach., Sept. 26, 1912) as follows: 

The preliminary data required are: On direct current: Horse- 
power, speed and voltage. On alternating current: Horse-power, 
speed, voltage, frequency and phase. 

The voltage, frequency and phase are determined by the electric 
circuit in the shop. The horse-power depends upon the work done. 
Whether to use a high- or a low-speed motor depends on the gears 
that must be used. A comparatively low speed is usually necessary. 

The power required to drive a machine tool depends upon the 
following: The tocls used. Amount of metal removed in a given 
time. The metal cut. 

The tools used are of three general types: Lathe type tools, 
used on lathes, bering mills, planers and shapers. Drills. Milling 
cutters. 

The amount of metal is usually expressed in cubic inches re- 
moved per minute. The rate of removing metal for a given job 
depends upon the tools used, the strength of the machine tool, the 
strength of the work, the accuracy desired, and the nature of the 
metal cut. 

In roughing work, the question of horse-power must be carefully 
considered so that the most economical motor is applied. The 
tendency is to select a motor to suit the maximum capacity of the 
machine tool. This is very rarely reached for any length of time. 
Modern motors will operate successfully, at loads too-1 25 per cent. 
above the rated loads. The following information must be obtained 
to determine the horse-power of the motor to be used for any tool- 
cutting metal: 

Type of tool. Average cut taken: Depth (all tools considered) 
in inches. Feed per revolution in inches, Cutting speed in feet 
per minute. Duration. Maximum cut taken: Depth in inches. 


VERTICAL MILLING MACHINES 


Height under work, ins. Hip: 
12 5 
14 73 
18 Io 
20 15 
24 20 


PLAIN MILLING MACHINES 


Table feed, Cross feed, Vertical feed, 


ins. ins. ins. H.p. 
34 10 20 74 
42 12 20 to 
50 12 21 15 


UNIVERSAL MILLING MACHINES 


Machine No. H.p. 
I I to 2 
13 1 to 2 
2 3 to § 
3 5 to 7% 
4 74 to Io 
5 Io tors 


Feed per revolution. Cutting speed in feet. Duration of peak 
maximum load. Number of peaks per hour. 

With this information it is possible to estimate the average and 
maximum horse-power required from the cubic inches of metal re- 
moved per minute for the cuts taken for average and maximum. 

In all cases the area of the cut is taken as equal to the depth 
multiplied by the feed. 

For revolving work or tools, the cutting speed may be quickly 
determined from Fig. 8, the use of which is explained belowit. The 
chart may obviously be used in the reverse direction with equal 
facility. The cubic inches of metal removed per minute may be 
quickly determined from Fig. 9, the use of which is explained below 
it. To determine the horse-power required the cubic inches of 
metal removed per minute are multiplied by a constant. 

For estimating purposes the constants of Table x 5 based on aver- 
age shop conditions are useful in figuring horse-power at the cutting 
tool when round-nose tools are used: 


TABLE 15.—RELATION BETWEEN POWER AND VOLUME OF METAL 


REMOVED 
Casteiron tees. soe ewe -3 to .5 h.p. per cu. in. per min. 
Wrought iron... oon. canc ned 6 h eet ola" ee 
Machinery steel.......... f° Ee ae ee 
Steel, 50 carbon and harder... 1.00 to 1.25 h.p. per cu. in. per min. 
Brass and similar alloys..... .2 to .25 h.p. per cu. in. per min. 
For twist drills the consumption of power per cu. in. of metal 


removed is approximately double the above. 

The constants will vary with the angle and sharpness of the tool, 
but are close enough to determine the size of motors in the majority 
of cases. A few tests in any shop using motor-driven tools can 
easily be made to determine the constants for their particular tools. 
The tendency is to use tools in accordance with the conditions ar- 
rived at from tests made by F. W. Taylor, and others, which see. 
The above constants hold under these conditions. 

The friction load of the machine tool should be added to obtain 
the total horse-power. However, where the horse-power to remove 
metal is large, the friction is a small percentage and can be neglected. 

In selecting the size of a motor it must be remembered that the 
load is intermittent in the majority of cases. The heating of a 
motor in supplying power for work of an intermittent nature is de- 

(Continued on next page, second column) 
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TABLE 16.—SizEs or Motors For: Various MeEtTAaL AND Woop- 
WORKING MACHINES 


Bolt and Nut Machinery, Helve Hammers 


Motor h.p. 
required 
, to drive 

One and one-half inch single-head bolt cutter.................. 13 
Pratt & Whitney No. 4 turret bolt cutter.................... 2 


Two-spindle stay bolt cutter.. 2 
One and one-half inch Acme Boubie wad: bole cutter. ae 124 
One and one-half to two and one-half Acme nut feck Leis tee 
Six-spindle nut tapper.. 3 3 
One and one-half inch Ginle head bale. euteer’ 


ous 
Three-fourths to two and a half inch doahlehesd mete cutter: ans 
Eworench:trple-head bolt cutter......0.c......0.¢eecseeeess '§ 
Porespimdleistay bolt:cutteré...05.40ci ccs cetesveesdesdsis 8 
eer Pe SRIMNEL ee ene, ernie Nie che ea eS thet een bean de 0 OF 
Grinders 
Air-cock grinder.. I 
Link grinder. . eat 3 
Sellers eiversal grinder: oe cools. ROR Ti oko esis ee sari oes 
Norton Belen pote ermlce se oes 5 
Saws for Wood 
aia meet es Oem WLICEL oe erfopaa aie eens Sai cio Aa dialeT mic Wik aierecsey, 3 
Bamraca Wala Mneel nc. ocho ee As clte oap east nne ws me 8 
REMTORC IE OUSA Witte Sales Sia. Se Gaiden Su aw oe ewe 8 
SBE e Ceca Wea Smilies WHEEL. ono rcie id 2 aesae A aiae)e ns om sder sus smiece | PF 
eteemice Orr SPlE-fCeG TID SAW: oc <6 seh whee enews se Cage, LO 
(creenlee vertical automatic cut-off saw......5.......52...... 18 
BoneyetOuLOLey-sex INC SAWSo a .29- Ginte fede cd ome stele ess 5 
Automatic band resaw........ ee ne ate see DO 
Greenlee No. 6 putoraatic ae oF s SA Weer ee prea ce crscair 20. 
ae = a ea een 20 
DsUt SE OPC ELE SAW oe his Pik Ae ats cob ocho ewer od crust BG 5 se ZO 
ETA EBeAY AUILOIMAC TID SAW:\<..62 602. cnc sees s pes 2. 25 
Wood-working Tools 
Fay-Egan single-spindle vertical boring machine.............. 3 
Fay-Egan three-spindle vertical boring machine.............. 4 
Fay-Egan No. 6 vertical mortiser and borer.................. 6 
Hay-bean No:-y-teponer or gainer. ...........0-06ceeee ese FF 
Bavelcan imiversal wood WOLKer.<..05<s0.26d0-ssncemeden es 74 
Fay-Egan four-spindle verticat borer......... 73 
Fay-Egan five-spindle vertical borer..........00¢060000000024 IO 
MIOUNLEENAINE NMISICe MIOIGEr voisegle sy oetacle seas facie ered ee ui. E2 
Fay-Egan universal tenoner and gaincr.................+.-+- 12 
aye CAneVenticdntenOMerat.face testi etal sg aass eee e 12 
Greenlee automatic vertical tenoner ......... 056... 00eeseee+ 15 
Fay-Egan No. 3 gainer, also Greenlee.. ie oe 154 
Greenlee extra-range five- (ae borer and MNOPLISCL ate ord tee ee 15 
Greenlee vertical mortiser. am ; a eels 
Fay-Egan automatic gainer, sali Sombladtion gainer nae mor- 
tiser. ele AAA ee sce deistt ind a ety 20 
Pevativan a everiieal: saw ands gainer. 204 
Vertical hollow chisel mortiser and borer. Ree te Renee 20 
Fay-Egan 143-in. double-cylinder mittee lees Baer hes.) OF 
Heavy outside molder.......... ADDR Aico EO eo) 
Six-roll direct-connected jolanee aiid Se eae ais oS 
Double-cylinder fast flooring machine.............-.++++++++ 30 
Double-cylinder planer and matcher............-...-0eee+4+5 30 
Fay-Egan No. 8 automatic tenoner......... 0.0.50 se eee eeee 304 
NVOOUSHNGURS JAINA LOHEL eR netsh cistavacet. ode seta gies view oe oan ee 3S 


Four-side timber planer, heavy.......-.--:-.0see recesses es, 60 
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TABLE 17.—HorRSE-POWER OF Motors FOR VARIOUS PRESSES 


Name and number H.p. of 

of press. motor required. 
BLISS aN Orme Meee Mec ees ht se gm hes eR wayne wears eto 
UIs INIGS Bocas eee Sy inca emi, mee i: 
IBLISSHEIN Quel © suite acetate Ay Eee eee hc ewe 
BSS NOE Siar atone: Lawn tye. trate vies ees tees Gal ete 
BSS IO IS 2, det ct nace p cre Tce NLS Sea ute aD 
Bliss, No. 30A.. piansiohetolciorsvea\ eee net es 
Bliss-Stiles Suricls ie ehesl pattern: Ne: ro) 4 
Bliss-Stiles punch, fly-wheel pattern, No. 1 I 
Bliss-Stiles punch, fly-wheel pattern, No. 2 I 
Bliss-Stiles punch, fly-wheel pattern, No. 3 2 
Bliss-Stiles punch, fly-wheel pattern, No. 4.................. 3 
Bliss-Stiles punch, fly-wheel pattern, No. 5s. ree ORS 
Bliss-Stiles punch, geared pattern, No. 5 dene heey work Rec es} 
Bliss; geared tortheawy, work, No. 36.20 saeea «tree ope ees 
Bligsedoublescranike seated sINo-t3 yee tier een ren 
Bliss, double crank geared, No. 5.. Pe ry ee aes 
Bliss circular shear, No. 105. fe Mee Ey 
Bliss double action, fitted aa double all: deeds: No 68N. pales 2 
Stiles special five-slide gang press, geared, No. 102 re 
Bliss automatic feed armature disk press, No. 16A............ 1 
Bliss toggle, Nomgac........ Pscu eEO 
Bliss-Stiles 200-Ib. automatic beard lift drop, inmsoved = Poe 
Bliss-Stiles 400-lb. automatic board lift drop, improved........ 4 
Bliss-Stiles 800-lb. automatic board lift drop, improved........ 74 
Hilles & Jones combined punch and shear, No. 2.............. 5 
Ferracute, No. SG86 . an Bhiauat ate vacep eo aphlieoewe Ses cone = eS 
Ferracute, direct peared No. Cs Che 3 
Ferracute, 18-inch throat, No. res 2 


Bliss, geared with side cut-off peenchnent: Nae | Le eee poor B 
Bliss, deep throat for light punching, No. 473. oF t 
Hilles & Jones, combined punch and shear, Now 3, 36-in. throat. 


capable of punching 1}-in. hole through 1-in. stock.......... 10 
Hilles & Jones, combined punch and shear, No. 3, 12-in. gap, 
punching 1-in. hole through 1-in. stock.. ee a4 
Hilles & Jones, single punch, 36-in. throat, » Punching 1 14-in. Chokes 
through 14-in. stock . Renee Brat) 
Hilles & Jones, orizontal sedi Nee 3, 20-in. Prone munching 
t-in. holes through #-in. stock............ re iet RTOET S 
Hilles & Jones angle shear, No. 3 Cutting I-in. Blocks, a a ee 10 


Williams & White, bulldozer, No. 6, 20-in. stock, 38-in. die face. 74 
Bliss geared power shear, 36-in. cut, cutting sheet steel j-in. thick. 5 
Heavy alligator geared cut-off we capable of shearing s-in. by 


t-in. bar iron.. or Reh cia can gatchcietelsiara Ser ieee aS 
Small armature eke moretiog: press.. ae I 
Large coining presses at U. S. Mint, eld up alec Mere 

r.p.m., 80; pressure, 160 tons. ogee seater elif 
Smaller coining presses, srikine’G up quay dale: I.p.M., 100} 

pressure, 60 tons....... aan CAS nohone cs 
Planchet presses at Mint, aouule roll eu Species 
Double Saeed shear ah atin Mrz a: ora ee eee 3 


termined by the square root of the mean square of the power required 
to perform the various operations taking place in a complete cycle. 
This value will be termed the root mean square value, or r.m.s. 
The method of figuring the r.m.s. value of any intermittent 
Suppose the 


value. 
load is best explained by working out an example. 
power fluctuates as follows during a cycle of operations: 


Power required Duration 
10 6hhp. ro seconds 

lei yos 30 seconds 
Bes inp 25 seconds 

re nay 20 seconds 

o hp 20 seconds 
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The r.m.s. value is figured as follows: 
1. Multiply the square of each value of power by its duration. 

2. Add the products thus obtained. 
3. Divide the sum by the time to complete the cycle (the sum of 
the times of the various components). 
. Take the square root of the quotient. ; 
The result will be the r.m.s. value. The time can be expressed in 
seconds or minutes and the power in horse-powers, kilowatts or— 


~ 
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current induction motor or commutating-pole, a a 
will carry this successfully oop 5 given conditions. 5-h.p. 

ld, therefore, be used in this case. ; 
ae des above es loads to be considered when selecting 
alternating-current motors to carry widely fluctuating intermittent 
loads are: 

1. Pull at the starting torque. 

2. Speed regulation. 

For direct-current motors: 

zr. Commutation. 

2. Speed regulation. 

3. Stability. ; 

The pull at the starting torque of an induction motor is from 2.5 to 
3.5 times the full-load torque. 

The speed regulation of induction motors is the percentage drop 
in speed between no load and full load based on the maximum speed; 
it is usually called the slip. The slip at full load is usually about 
5 to 7 percent. At other loads it is approximately proportional to 
the load, therefore, at twice full load the drop in speed will be 
approximately 10 to 15 per cent. ; 

Before commutating-pole motors were built, commutation 
limited the overloads on direct-current motors. At present 

an up-to-date commutating-pole motor will carry 100 
to 125 per cent. overload, that is, 2 to 2.25 times 


the full load without sparking. 


Diameter of Work, Ins. 
= tw iw] co 
cn r=) SY 
| y 


= 


9 

8 

7 Yip ie SS 
6 i Y 

5 + 


oe) 


400—— 


j 
i 
— a) eee o 
s > = pws 
yy wm © S38 fz 3 Ss 


Nn 8 ~s 12 Dy DRS ve) o te} Oo S o S $33s 
wd nr N N oOo = 4 
Spindle Speed, R.P.M, pe Ss = 


Trace vertically from the r. p.m. to the intersection with the horizonal through the diameter where read cutting speed. Thus a 
piece of work of 3 in. diameter at 60 r. p m has 47 ft. per min. surface speed. 
Fic. 8.—Relation of spindle speed, cutting speed and diameter of work. 


the voltage being constant—in amperes, the same units being used 
throughout a given problem. In the above example the r.m.s. value 
is determined as follows: 


(1) 107 X 10 = 1000 
5°X30= 750 
3-5°X25= 306.25 
I*X20= 20 
© X20= ° 
(2) 2076.25 
(3) Total time of cycle=10+30+25+20+20= 105 sec. 
2076.25 
cic > 8 


(4) V19.8=4.45 h.p.=r.m.s. value 


Thus 4.45 is the r.m.s. value of this cycle and the heating of the 
motor will be the same as if it were run at a constant load of 4.45 
h.p. The maximum load on a 5-h.p. motor would be twice the full 
_ load, or 100 per cent. overload for ro sec. An up-to-date alternating- 


It is customary to express the speed regulation of direct-current 
motors in terms of the full-load speed, because the full-load speed 
is the rated speed of the motor. At full load the speed regulation 
is 10 to 15 per cent., depending on the rating of the motor. At over- 
loads the effect on noncommutating-pole motors is a decrease in 
speed proportional to the load; but on commutating-pole motors 
the speed in many cases tends to increase between full load and too 
per cent. overload. 

This type of motor will, therefore, have approximately the same 
speed at twice full load as it has at full load. If the effect of the 
interpoles is too strong the tendency is to make a commutating-pole 
motor oscillate in speed. This speed oscillation will cause a similar 
variation on armature current of gradually increasing intensity, 
until something gives way; a fuse will blow, a circuit breaker open 
or the motor will be injured by “bucking over,” that is, flashing 
across brushes, or burning out the armature. 

There is a relation existing between speed regulation and stability. 
A commutating-pole motor can be designed to be stable at over- 
loads. This will increase the drop in speed. Better speed regula- 
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tion makes stability less certain. Reliable designers of this type of 
motor strike a happy medium between these two, and the commer- 
cial result is that in most cases these motors can be safely operated 


on intermittent loads where the maximum load is twice the rated 
load. 


t 


341 


a graphic recording ammeter will be used for this purpose. The 
record was taken on a lathe driven with a direct-current, adjustable- 
speed motor. The cycle of operations when turning the shaft, 
Fig. 11, is as follows: 

Calculated r.m.s. 


d A large reduction in speed giving a stable motor, is an advantage Amp. Time (Amp.)?Xtime 
in machine-tool work. It often occurs when long, continuous cuts Cut ab 33 180 sec. 1089 X 180 = 196,020 
are taken, that on one part of a casting the depth of cut is greater Cut be 30 140 sec. goo X I40= a6 Oo 
than on another due to irregularities in casting. When cutting Idle ° TL2SeC, oX112= ° 
Cut de 30 L7G Sec) goo X 171 =153,900 
50 Cut ec 9 260 sec. 81 X260= 21,060 
Idle © __ 190 sec. oX190= ° 
1053 496,980 
A similar cycle is then repeated. 
: 496,980 
1053 Sogh 
20 470= 21.7 amperes 
which is the r,m.s. value of current. At 220 volts, the voltage of 
1b the circuit, the r.m.s. h.p. input to the motor is 
2 te rG220 F 
& fees Ngee h.p. input 
“4 (The h.p. input to IE are for any direct-current 
07 motor.) 
-06 The efficiency of the motor being 86 per cent., the r.m.s. h.p. 
05 output is 5.5 h.p. 
Qe, The maximum load occurs when the cut ab is taken, which requires 
* 2S 220 it 4 
0B 0, 1009 X 746 9°79 =P: 
025 Oe input or, at 85 per cent. efficiency, an output of 8.3 h.p. 
A “ aX 4 be If a 5-h.p. motor is used, 8.3 h.p. will be 66 per cent. 
ch & 5. overload, and considering what has been said above, a 
Bos 3 a modern 5-h.p. motor will pull this satisfactorily. The 
= o if 3 r.m.s. value, or that upon which heating depends, is 10 
3 S per cent. above the rated load. All 5-h.p. motors made 
EOL by reliable manufacturers will carry this load without 
:009 : overheating. 
or : The cycle just discussed represents maximum work 
c E <9 +— done in this lathe, the average load being less severe. 
‘ok iN Hence a 5-h.p. motor is the proper motor to drive it. 
. we Usually a test cannot be conveniently made. In these 
-004 com cases the power cycles can be figured from the rate of 
y removing metal and the time required for each cut. The 
008 SRS method of estimating the power has already been ex- 
: plained. The time of a cut is estimated as follows when 
ae a knowing the length of the cut, the feed per revolution 
: ‘Gp and the spindle speed while taking the cut: 
e The product obtained by multiplying the feed per 
ee revolution and the r.p.m. of the spindle will give the 
advance of the cutting tool per minute. Dividing this 
.001 = eS OE Regaeaoe 300 400 600 into the length of the cut will give the time to complete 


Cutting Speed, Ft. per Min, 


Trace vertically from the cutting speed to the intersection with the hori- 
zontal through the area of cut (produced by feed and depth of cut) where 
Thus for 7; in. feed and } in. 


depth of cut (.015 sq. in, area of cut) and 60 ft, per min, cutting speed, 


read cu. ins. of metal removed per min. 


11-+cu, in, per min, are removed. 


Fic. 9—Relation beween area of cut, cutting speed and volume of metal removed. 


through the heavy part the speed should be reduced, thus protecting 
the cutting tools and machine tool as well as the work. For this 
reason adjustable-speed motors with a speed reduction as high as 
25 per cent., can be used to advantage. 

Let us apply these principles in determining the horse-power of a 
motor in actual machine-tool service. A record, Fig. ro, taken with 


the cut in minutes. With this information and the 
time to make adjustments when the motor is shut down 
or running idle, the r.m.s. value can be figured with the 
rules already given. 

The practice in the past, still largely used, is to select 
the motor with reference to the size of a machine, as the 
swing of alathe. The strength of a lathe and, therefore, 
the horse-power it can transmit naturally increases with 
the size of the lathe; but the quantities which determine 
the horse-power are those just discussed and their application will 
avoid misapplications. In many cases, heavier cuts are taken on 18- 
than on 24-in. lathes, the smaller-swing lathe, therefore, requiring 
the larger motor. 

On machine tools where light cuts are taken, it is not necessary 
to figure the horse-power for cutting because 2-h.p. is required to 
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start the tool and run it idle and will do the light cutting success- 
ae rule for figuring horse-power just described is applicable in 
determining the power to cut metal wherever the round-nose type 
of tool is used, as in vertical boring mills, shapers, slotters, and 
planers. On planers the peak load for reversing must be considered 
in determining the size of motor. 

On planers the general tendency is to use motors that are too 
large. This tendency originated when non-interpole, direct-current 
motors, only, were available, and a peak load caused considerable 


= ee a De eT 
| Tg | —+—_, — 


PTT 


d ce b a 
E af Cemented SSSR 
SNe s ‘A Se 
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FIG. 12. 


Fics, ro and 11.—A piece of lathe work and a graphic record of 
current readings. 


sparking when the planer was reversed. A large motor was, there- 
fore, necessary on account of the reversal. When using alternating- 
current induction motors, or direct-current, commutating-pole mo- 
tors this precaution need not be taken. 

Table 18 shows the results of tests made on various sizes of planers 
with a graphic meter. Note the difference between the motors 
usually specified and those recommended. The recommended 
motors are alternating current and are operating their planers 
successfully. 

Fly-wheels can be used to advantage on the countershaft from 
which the forward and reverse belts are driven. The fly-wheel will 
reduce the peak load on the motor occurring when the planer is 
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reversed. In this way the horse-power of the driving motor can 


often be reduced. ; 
It is evident that making an investigation as outlined results in 


the selection of the most economical size of motor for the work 
done, and in a smaller motor than that usually specified, because 
the tendency is to select motors to suit the maximum capacity of 
machine tools and no advantage is taken of the fact that motors will 
stand heavy overloads for short intervals. 

The selection of electric motors for machine driving includes other 
questions than that of horse-power. These have been explained 
by A. G. Porcxe, Indust. Elect. Engr. Westinghouse Electric & 
Mfg. Co., (Amer. Mach., Oct. 3, 1912) as follows: 

The speed of the shaft on the machine where power is applied is 
the principal factor which determines the speed of the motor to be 
connected. On forging machines using large fly-wheels these speeds 
are as low as 50 to 60 r.p.m.; on machine tools, such as lathes, drills, 
millers, etc., they average between 200 and 300 r.p.m. Speeds as 
high as 1000 to 2000 r.p.m. occur on grinders and wood-working 
machines. ; 

Modern practice is to standardize the speeds of motors This 
practice has been brought about by the extensive use of alternating 
current. Since 60 cycles are used in the majority of alternating- 
current systems, the standard speeds of direct-current motors are 
approximately the same as the speeds of 60-cycle, alternating-current 
motors. 

The speeds obtainable with the 60-cycle motors mostly used are 
1700 to 1800; 1100 to 1200; 850 to goo; 650 to 720, and 550 to 600 
r.p.m. The higher speed given in each case is the synchronous speed 
at which the motor runs when not loaded. The speed decreases 
from 5 to 7 per cent. as the motor is loaded. 

On 25-cycle circuits the speeds of motors most frequently used 
are 700 to 750; 550 to 600, and 350 to 375 r.p.m. The speeds of 
direct-current motors are given in the second column of Table 19. 
A reference thereto will show the relation to the speeds of the alter- 
nating-current motors just given. 

When a belt drive is to be used the quantities to be considered are: 
Speed reduction; pulley sizes; belt speeds; motor speed; distance 
between pulley centers; arc of contact; size of belt; use of idle pulleys; 
mounting of the motor. 

Obtaining the required speed reduction involves the size of the 
motor pulley, machine pulley and belt speed. The sizes of the pul- 
leys used on motors have been standardized according to ratings, 


TABLE 18.—MorTors FOR PLANERS 


| ) | Motor 
Motor Kw. Kw. Kw. Kw 3] a 
Manufacturer Size used for cut return | reversal reversal Remarks mended ae 
test stroke | stroke to cut | to return based on specified, 
5) age er ee test, h.p. h.p. 
inssieetts faa. 7 
aay ith oo oaea den aoe 56X15 3 ify S.8 4.0 5.3 | Average work, ) 
ae 56X15 5 Zs 2.8 aes S38 5 tons ontab. |? 5 15 
“eee 56X15 5 an ee 6 6 | Short stroke / 
A enidin A> ECR 54X16 30 4 6 8 10.5 Aver. stroke | 
30 4 7 TO 12 Short stroke \ 
Gray corn aan : “ 
= oth alae 54X16 5 reate 2.3 3.5 Ele Aver. stroke | 
HieMales etn ...| 48X39 5 2 7 8 Aver. work i Ae 
Chandler........ 241 yi : eR | i: 
an eet 4X10 “4 2 jen ghee ASS ean Motor geared 5 ) 73 
Detrick & Harvey.... balance wheel 
y i Me ne 5 1.5 2.5 5 7 Aver. work 7 15 
Bement-Miles . oe ‘ | 
918. )p/inits| a: 0) ale 4 52 fe) 
Bement-Miles..... .. 37X 8 - : 8 of a Si. Pak nee) 73 I5 
Pratt & Whitney....... 36X 8 5 a . : . Aver. work 5 10 
CUenenbe tent. |. 36x 5 1.8 : 7“ : aniae : 
Z y % us 5 Aver. work 3 5 
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TABLE 19.—STANDARD Moror RatINGs STANDARD AND MINIMUM 
PULLEYS AND BELT SPEED WITH STANDARD PULLEY 


x 2 3 eee: Sell 6 7 8 
Standard Minimum Belt speed 
H.p R.p.m. pulley pulley standard pul- Leather 
Dia. Face Dia. Face | ley, ft. per min. Bee 
I 1700 34 2k 307 1} 1560 Single 
2 1700 34 3 3 3 1560 Single 
1200 4 5) 3 3 1250 Single 
‘ 850 4 4 34 4 890 Single 
3 1800 4 3 S 3 18900 Single 
II50 4 3 34 4 1200 Single 
850 5 4t 4 4} I1IoO Single 
5 1800 4 4 34 4 1890 Single 
1200 S 43 4 44 1570 Single 
850 6 5 43 5 1340 Single 
74 | 1700 5 4} 4 44 2220 Single 
TI50 6 5 44 5 1800 Single 
975 a 6 5 6 1790 Single 
850 5 6 5 6 1560 Single 
650 8 7 6 i 1360 Single 
10 1700 6 5 44 5 2670 Single 
} 1300, fi 6 5 6 2380 Single 
| I150 Zz 6 5 6 2100 Single 
850 8 7 6 7 1780 Single 
730 8 7 6 74 I530 Single 
| 600 9 8 6} 9 I41I0 Single 
I5 1700 7 6 5 6 3100 Single 
1250 8 7 6 7 2620 Single 
I100 8 7 6 74 2300 Single 
825 9 8 64 9 1940 Single 
675 10 9 7 8 1770 Single 
600 It 10 74 9} 1730 Single 
20 1700 8 7 6 7 3560 Single 
: I100 9 8 64 9 2600 Single 
900 Io 9 7 8 2360 Single 
750 Ir 10 74 9} 2160 Single 
650 II 10 8 9} 1870 Single 
25 1400 9 8 6} 9 3300 Single 
II0o bas) 9 7 8 2880 Single 
950 II pas) 74 oF 2730 Single 
825 It Io 8 94 2370 Single 
600 24-7 » ES 9 104 1880 Double 
30 1700 9 8 64 9 4000 Single 
II50 II Io 74 94 3300 Single 
975 pais Bas) 8 - 9} 2800 Single 
725 52 I2 9 10} 2280 Double 
600 13 12 10 II 2040 Double 
35 1700 10 9 7 8 4450 Single 
II50 II Io 8 9% 3330 Single 
850 12 I2 9 10} 2670 Double 
675 13 I2 10 rt 2300 Double 
40 1700 Ir pae) 74 94 4900 Double 
950 12 I2 9 10} 3000 Single 
775 13 12 10 II 2640 Double 
600 14 12 12 13 2200 Double 
50 1700 II Io 8 94 4900 Double 
975 13 I2 10 II 3320 Double 
750 14 I2 I2 13 2750 Double 
565 16 13 124 15 2360 Double 


i.e., horse-power, and speed of motor. These are given in Table 19, 
column 3. This fixes standard practice for belt speeds (see Table 19, 
column 7). 

As the size of motor pulley is reduced on any motor, the strains 
on the motor bearings and shaft are increased. A minimum pulley 
is, therefore, specified by motor manufacturers for each motor rating 
(see Table 19, column 5). The maximum size of the pulley ona 
motor is required only where speeds higher than the motor speed 
are required. This is, in nearly all cases, limited by the belt speed, 
which should not exceed 5000 ft. per min. 

In some cases, with small motors especially, the size and location 
of the motor are such that the diameter of the motor limits the largest 
pulley. 

The success of a belted motor application depends largely upon 
the arc of contact. The distance between centers of motor pulley 
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and machine pulley, as well as the speed reduction, determines the 
arc of contact on the smallest pulley, usually the motor pulley. 

Motors can be furnished with idler pulley attachments, and these 
are applied to advantage where it is necessary to overcome a small 
arc of contact. When necessary to obtain extremely low speeds 
back-geared motors should be used. 

A good standard for the back-geared type of motor is one having 
a speed reduction of 6 to 1 between its armature and countershaft 
speeds. Usually, if the required reduction in speed exceeds 6 to 1, 
a back-geared motor should be used. For instance, if the reduction 
is 12 to 1 between the motor speed and the machine speed, a back- 
geared motor with a 6 to 1 speed reduction should be used, and the 
further reduction 2 to 1 obtained by means of a pulley on the counter- 
shaft of the back-geared motor. 

The pulleys furnished with motors make provision for the proper 
width of the belt. Table 19 shows whether a single or double belt 
should be used. The width of the belt should be 1 in. narrower 
than the pulley face on pulleys up to 12-in. face; above that it should 
be 2 ins. narrower than the pulley face. 

The cost of a motor of given horse-power increases as the rated 
speed decreases. For instance, the cost of a 10-h.p. motor at 1200 
r.p.m. is approximately the same as a 5-h.p. motor at 600 r.p.m. 
The cost increases in the same proportion as the square root of the 
torque figured at 1-ft. radius. From a cost point of view, therefore, 
as high a speed motor as possible should be used, but the diameter of 
minimum pulley specified should not be gone below. 

When the machine pulley is fixed, as when belting to a fly-wheel, 
the motor pulley must suit the requirements of the machine. Care 
must be taken not to go below the minimum motor pulley and the 
arc of contact must also be carefully considered, for in these cases 
the reduction is usually large. 

When the machine pulley can be chosen to suit, the standard 
motor pulley, Tables 19 and 20, will assist in selecting the proper 
speed of motor and size of pulleys. Table 20 gives the machine 
speed at the left column and the motor speeds at the top of the table. 
The figures in the body of the table are the speed reductions for any 
combination of machine and motor speed indicated. 

The letter B indicates that the motor is to be belted directly, and 
the symbol Bbg indicates that a back-geared motor be belted. The 
figure after Bbg indicates the reduction between the motor counter- 
shaft and the driven machine, if a back-geared motor with a 6 to 1 
reduction is used. 

The heavy-faced type indicate the method recommended in the 
majority of cases for the combination where it occurs. Thus, for 
machine speeds between 600 and 1500, use 1800-r.p.m. motors; 
between 350 and 600, use 1200-r.p.m. motors; between 250 and 350 
use 900-r.p.m. motors; between 150 and 250, use 720-r.p.m. motors. 
For the smaller power requirements, and between 150 to 200 for 
the large power requirements, use 600-r.p.m. motors. Below roo 
and 150 r.p.m. it is best to use back-geared motors. 

It is poor practice to use back-geared motors whose initial speed 
is 1700-1800 r.p.m. in the majority of cases. In applications re- 
quiring from 1o to 20 h.p., 1200-r.p.m. back-geared motors should 
be used; above this goo-r.p.m. or 720-r.p.m. back-geared motors 
should be used. 

Before deciding upon any belt drive the arc of contact should be 
carefully checked. In machine-tool work, for applications where 
belts are used, the distance between centers is usually between 3 and 
s ft. Motor pulleys range from 3 to 12 ins., and the arc of contact 
is usually considered when the ratio of reduction is between 3 and 6. 

Table 21 shows the arc of contact, knowing the size of the motor 
pulley, ratio of reduction and the distance between pulley centers. 
Table 22 shows the effect of the arc of contact on the transmitting 
power of the belt. The decrease with decreased arc of contact is 
expressed by a percentage which the power transmitted at a given 
arc of contact is of the power transmitted at 180 deg. 
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To transmit the required power the pulley and belt width must 
be increased or an idler pulley must be used to increase the arc of 
contact. An example will best illustrate the application of Tables 
14,15 and 16. The speed of the machine is 185 r.p.m.; the h.p. re- 
quired is 73; the distance between centers is 5 ft. What motor 
speed and what pulleys should be used for the belt drive? 

Refer to Table 20. This shows that for 150 to 200 r.p.m. a 720- 
r.p.m. motor should be used. j 

Refer to Table 19. A 73-h.p. 650-r-p.m. motor has an 8X7-1n. 
standard pulley and a 6X7-in. minimum pulley. 

The speed reduction with this motor is 


Refer to Table 21. The arc of contact for a ratio of reduction 
of 3.5 (average of 3 to 4), the distance between centers of 5-ft. and 
8-in. motor pulley is 160 deg. (average of 164 and 1 57), and with 
a 6-in. motor pulley is 165 deg. (average of 162 and 168). Either 
will give successful service. The machine pulley would be with an 
8-in motor pulley 3.5X8=28 ins. and with a 6-in. motor pulley, 
3-5 X6=21 ins. 

The face in either case will be 7 ins. and a single 6-in. leather belt 


TABLE 20.—RELATION OF MACHINE AND Motor SPEEDS. 
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should be used. The combination of 8-in. motor pulley and 28-in. 
machine pulley is preferred because the motor pulley is standard. 

The above example covers a case where the machine pulley can 
be seclected at will. In cases where a motor is to be belted to a 
fly-wheel or to a pulley on a machine which cannot be easily changed, 
the procedure is as explained in the following example: The size 
of the machine pulley (fly-wheel) is 72 ins.; the speed of the pulley is 
100 r.p.m.; the h.p. required is 15, and the distance between centers 
is 6 ft. What motor speed and motor pulley should be used? 

Consider a reduction of 6:1 belted directly. The motor speed 
must be 600. The size of the motor pulley 


machine pulley 72 
ails trainees ae 

Table 19 shows that a 12-in. pulley can be used with a 15-h.p., 
600-r.p.m. motor. It is 1-in. above the standard pulley diameter. 

Table 21 shows that for a 12-in. motor pulley, a ratio of reduction 
of 6, and 6 ft. distance between centers, the arc of contact is outside 
the limits of the table and the arc of contact very small (below 120 
deg.) 

A successful drive can be obtained by using a 12Xto-in pulley 
on the motor and employing an idler pulley. It is not customary 


RECOMMENDATIONS FOR BELT DRIVE 


Approximate motor speed 


1800 | 1200 eines | goo 720 600 

1500 ey 18 
1000 regis) 33} Rog de 
800 2.2 B iy 1B iiires 7) 18: 

a 600 3 B 2 B a5. poh <lws 5 i ae 

5 500 Bi 1B 2.4 B 1.3.9 0B 1.44 B 2 8 

9 4.00 4.5 3B 3 B 2.25 B oe os 5 BR 

§ 350 Boag 1B gah 13 2.52 B 2.06 B > ee 

8 300 6 B 4 B 3 B 24. 8 2 B 

a 250 Re Hits 18} 3.0 2B 2.9° 38 2. B 

3 200 9 6 B 4.5  B 3.6 B 3 B 

as 150 12 8 Bbg 1.33 6 B / Fee ok | 4 B 

B 100 18 12 Bbhg 2 9 Bbg 1.5 7.2 Bbg 1.2 6 B 
go 20 13.4 Bbg 2.23 Bo) Bbg 1.67 | 8 Bbg 1.33 6.7 Bbg 1.18 
80 22.5 I5 Bog 2.5 11.3 Bbg 1.88 9 Bbg 1.5 7-§ Bhe x25 
70 25.3 io DeeE2nSS 12.9 Bbg 2.15 10.2 Bbg 1.7 8.6 Bbg 1.43 
60 30 20 Bbg 3.33 15 Bbg 2.5 >) Bbg 2 | 10 Bbg 1.67 
50 36 24 Bbg 4 18 Bbg 3 lik See SHES See |. = Bbg 2 


B=Motor belted direct. Bbg.=Back-geared motor belted. Bbg = 1.33, 


etc., the number indicates reduction from countershaft speed. 


The heavy-faced type indicates the motor speed recommended in most cases. 


TABLE 21.—RELATION BETWEEN Motor PuLtey, Distance Br- 
TWEEN CENTERS OF PULLEYS, RATIO OF REDUCTION AND ARC 
oF Bett Contact. 


Ratio of ee Diameter of motor pulley, ins. 
reduction 3 aes a 
centers, ft. | 3 a8 bly (8 9 | 10 Ir | 12 
g 170/166/163|160/157|153|150\147 145|141 
3 4 173)170|167|165|163|161|158|156|155 I5r 
5 175|172|/170/168/167|164|162|161|160| 157 
B 165/160/155|150|145/142 156/132/126|122 
4 4 168/165 /162|158/154/152|\148 144|140|137 
5 172/168|166/162/159|157|155|151/148 146 
3 160/153|148|142 134|128|122 
5 4 165|/161|157|/152|146\142 138 
5 168/164|162|157|153 150/146 
‘ 3 1$3)/147/139/131|122 
4 161/156|150|144|138 
a 5 |864/161/156|152/146 


TABLE 22.—RELATION OF ARC oF Contact TO PowER 
TRANSMITTED 


Arc of contact Per cent. of power 


transmitted 
180 I00 
lid 94 
160 89 
I50 83 
140 78 
130 72 


I20 67 
eee 


for motor manufacturers to supply idler attachments on such large 
motors, 

When @ geared drive is to be used the points to be considered are the 
following: Speed reduction; pitch of the gears, number of teeth 
on the gears (pinion and gear); face of the gear; pitch-line speed; dis- 
tance between centers; use of idler gears and mounting of the ainteal 

(Continued on next page, first column) : 
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_ TABLE 23.—STanpaRD Motor Ratincs AND DATA FOR GEARED 


CONNECTIONS 
; Max. No. of 
» Number of teeth Face teeth for 

. d s x2 Std. p.l. speed of 

Gris i i i 

|e 3 dard as pin- 2 | hide epee * | ro00 ft. | 2000 ft. 
A ape Ree te a | and per min. | per min. 
ion co steel cloth 

I [I700| 8 17 I5 rite alee 3 It | 940 | 1.63 18 36 
I |r200] 8 fay I5 I3 | 13 2 665 | 1.63 25 50 
2 |1700| 8 17 I5 13 | 14 2 940 | 1.63 18 36 
2 '1200| 8 22 20 I9 | r¢ 2% | 870 | 2.38] * a5 50 
2 | 850] 6 18 2I I9 | 12 24 | 615 | 2.38 36 72 
-3 \1800| 8 22 20 I9 | rz Be EZOO | assSilivenian ae 34 
Ir5so| 8 22 2I Io | 12 2% | 830 | 2.38 26 52 
850] 6 18 18 18 | 23 3% | 670 | 3 27 54 
5 |1800| 8 22 21 I9 | 13 BI MDTSOON 238) acer cts 34 
I200| 6 18 18 18 | 23 3% | 940 | 3 I9 38 
850| 6 2i I9 18 | 23 3% | 990 | 3 27 54 
74|1700| 6 18 18 18 | 2$ Se TAOO i Sa” jeeiretc sic 26 
IrIso| 6 2I nme) 18 | 23 3% |r050 | 3 20 40 
975) 5_ 19 18 18 | 3 =| 970 | 3.6 19 38 
850] 5 19 18 18 | 3 3%] 850 | 3.6 22 44 
650] 5 20 18 zo) 53 Sa OSs i legeO. 20 58 
IO |1700| 6 2I 19 18 | 22 SF) (LAZO Se a= lS ereivcrers 27 
I300| 6 22 19 18 | 23 ew ere ewe Alle ack 5 ae : 35 
II50|] 5 19 18 18 | 3 PALES O NBO. Vee ea eters 33 
850] 5 20 18 re 1-3 32 | 800 | 3.6 22 44 
730| 5 2I 18 r8 | 34 4 | 805 | 3.6 26 52 
600] 5 2I 19 19 | 33 + | 665 | 3.8 35 62 
I5 |1700] 5 19 1s 18 | 3 S PEROO Uc Le ercuse oe 22 
\I250] 5 20 18 18 | 3 BE DSO. BsG Were c cei 30 
II50| 5 2I 18 r8 | 34 AS NLATOU| PS Ouilveire 6 o-s6 35 
825) 5 21 | 19 | 19 | 33 | 4%] 910 | 3.8 23 46 
675| 4% 22 18 18 | 4 5 870 | 4 25 50 
600] 43 22 I9 LOW A 5 TON Agee 29 58 
20 |I700] 5 20 18 E853 SFT SON 3:0. lememiebers 22 
Iro0o| 5 2r 19 I9"| 3% AEMT220) i SS ute ole ste 35 
900] 4% 22 18 18 | 4 by tr50) |) 4 19 38 
750| 43 | 22] 19 | 19 | 4 5 | 960 | 4.22) 23 46 
650| 4 ae. 18 18 | 4% 52 | 890 | 4.5 23 46 
25.|I400] 5 21 19 TO. 37 ASU DS5O Mes iB leita els 27 
I100| 4% 22 18 18 | 4 BTA OO wl 4 lies x cecrsyale = 31 
950} 4% 22 19 19 | 4 eT S2OMMN Ae oss alae 36 
825| 4 Beha 18 18 | 4¢ 5% |1130 | 4.5 18 36 
600] 4 22 I9 18 | 4% 5% | 860 | 4.5 25 50 
30 |I700| 5 pi 19 Io | 3% Az NTSBO: |) 358 le sce erelors 22 
II50| 4% 22 19 19 | 4 SILA TO) We Acs 22 aiovejere, cus 30 
975| 4 2r 18 18 } 4% BE ESS OW ASS) [cnet cir. cre 31 
725| 4 22 19 18 z 5% |1050 | 4.5 21 42 
600] 3% 20 ere Sil AD Welacis > 970 | 5.53 20 40 
35 |1700| 4% 22 18 18/4 Sem STOO! I Al oealareversteets. 20 
I150| 4 2I 18 18 | 4t BE MESCOM As Sy leccteyecaere > 27 
850} 4 be: 19 18 | 4% 54 |1220 | 4.5 18 36 
675| 3% 20 Seah DS | ce, Neteasroe 1080 | 5.53 18 36 
40 |1700| 4% 22 19 19 |4 Gey t2ie0 WA a2alin csc. . 20 
950] 4 22 19 18 | 4% Se ALSTOM AS) Na cialsia.06 32 
775\| 3% 20 ~ 18 Beli ete SEEM eat Fe 3 Sree 32 
600| 3 18 eel LS Ae Nowe 940 | 5 19 38 
50 |I700| 4 2I 18 18 4 SENZSAO Ay A cite sieishore 5 18 
975| 3% BON aelelere 1 pete 7 al Pape ES8O 1S SB s ules ier. 25 
750| 3 BB. Mere. TST AR Wee etens 1170 | 5 15 30 
565! 3 ZOulscres: Sc AM al ie sets 990 | 6 20 40 


reason, limiting stresses. 


Here also, each motor rating has a minimum pinion for the same 


The pitch, number of teeth and face for 


motor pinions have been standardized for back-gear motors and the 
best practice when gearing a motor directly to machines is to use 
these motor pinions as far as possible. 

The pitch-line speed is limited by noise when steel pinions are used. 
A speed of 1000 ft. per min. should not be exceeded if quiet operation 
is desired. Between 1000 and 2000 r.p.m., rawhide or cloth pinions 
should be used; 2000 ft. per min. should not be exceeded if it can 
possibly be avoided. 

Table 23 gives the standard motor ratings and additional data 
for geared drives all of which are usefu' *vhen working out geared 
motor applications. 
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TABLE 24.—ADJUSTABLE SPEED Motor RatiIncs AND DATA FOR 
GEARED CONNECTIONS 


R.p.m. | Smallest 


Pitch-line 


Gear data 6 8 os 
f pulley 4 Race | q E speed, at os g dv 
ee ane = a g | @ | min. diam. 23 id ° 
jan] Fal a ‘ ® Fi val ue} me ad ; Ard 3 te fy 
Sls Sie} a} 8 (2) 9a) a lsB/ eB a3 au 
ret |) a] a a real Me A te eel 3 3 
Q ro al\|aleGlaelase a 
I 740/2200| 3 Ses 12 | 2} I9 |2.38] 460 |1380 27 
600|1800] 3 B les: m2? | 2} I9 |2.38| 375 | 825 46 
450/1800] 3 418 ri | 24 I9 |2.38] 280 |1120 3 
2 |I100/2200|] 3 Shine ri | 2} I9 |2.38] 690 |1380 2 
740|2200| 3 4|8 ri | 24 I9 |2.38] 460 |1380 27 
450|1800| 4 44| 6 23 | 3% 18 |3.0 | 355 |1420 25 
3  |1000}2000] 3 4)|8 ri | 2} I9 |2.38| 625 |1250 30 
660|2000] 4 43| 6 27 | 3% 18 |3.0 | 520 |1560 23 
450|1800] 43] 5 | 6 2% | 3} 18 13.0 | 355 |1422 25 
375|1500] 5 6 | 6 2i | 3% I8 13.0 | 204 |1176 30 
§ |1000|2000] 4 4}| 6 23 | 3% 18 13.0 | 790 |1580 23 
750|1500| 43] 5 | 6 22 | 33 18 |3.0 | 590 |1180 30 
600/1800] 5 6 | 6 2? | 33 18 |3.0 | 470 |1410 25 
450|1800] 6 HAS 3 4 18 13.6 | 425 |1700 21 
375|2500| 67735) | 3h | 45 i) 18 13.6 | S55) |2420 25 
74 | 900/1800| 5 616 25 || 3¢ 18 |3.0 | 705 |r410 25 
800|/1600] 5 oO 105; 3 32 TSa seul 755 e500: 24 
600/1800| 6 as 3 3i 18 13.6 } 570 |1710 2I 
500/1500} 6 |--73/ 5 | 33 | 4% 18 ]3.6 | 475 |1425 25 
450|\1800] 6%3| 9] 5 3% | 44 19 13.8 | 450 |1800 21 
350/1400] 63) 9] 5 | 3% | 44 I9 |3.8 | 350 |1400 27 
nae) 850\1700| 6 Yess 3 3 I8 13.6 |} 800 |1600 22 
750\1500| 6 Fes 3 32 18 |3.6 | 710 |1420 25 
600|1800| 6 Gea bs 3% | 4h 18 13.6 | 570 |I710 21 
500|1500] 63) 9 | 5 3k 4 I9 13.8 | 500 |1500 25 
450/1800] 63] 9 | 5 3t } I9 13.8 | 450 |1800 21 
375/1500| 7 Seg Ane eS 18 |4.0 | 390 |1560 23 
15 780/1560| 63) 9 | 5 | 33 | 4% | To |3.8 | 780 |1560 24 
600|1200] 7 8 4) a 5 I8 14.0 | 630 |1260 28 
500/500] 73! 93) 43 | 4 | 5 I9 |4.22| 555 |1665 23 
400|1200] 8 | 93/4 | 4% | 5} 18 |4.5 | 470 |1410 25 
375|£500) 9} Toe) 4 | 4g 1 54 18 |4.5 | 440 |1760 20 
20 650/1300] 73| 931 45 | 4 | 5 to |4.22| 720 |r440 | 26 
550|r100] 8 | o3| 4 | 4% | 5} 18 |4.5 | 645 |r200 | 28 
500/1500) 9 | 103} 4 | 4% | 5% 18 |4.5 | 590 |1770 20 
400|1t200} ro | rr | 3% | 44 18 |5.53| 580 |1740 at 
300/1200} 12 | 13 | 3 7B belts I5 15.0 | 390 |1560 19 
25 550|r100| 9 | ro] 4 Pot 18 |4.5 | 645 |1200 28 
400|1200] 12 | 13 | 3 44 I5 |5.0 | 525 |1575 19 
300/1200] 123] 15 | 3 44 I8 |6.0 | 470 |1880 19 
30 550/1100] ro } rz | 34 | 4% 18 |5.53| 800 |1600 23 
350|1050] 123] 15 | 3 44 18 16.0 | 550 |1650 22 
250/1000| 14 | 18 | 3 + 18 |6.0 | 390 |1560 23 
40 550|r100] 12 | 13 | 3 + rs |5.0 | 720 |r440 a1 
350/1050| 123] 15 | 3 4t 18 |6.0 | 550 |1650 22 
250|1000| 16 | 21 | 3 + I9 |6.33] 415 |1660 23 
50 5000/1000] 123] 15 | 3 44 18 |6.0 | 790 |1580 23 
325| 975] 16 | 21 | 3 4} 19 |6.33| 540 |1620 23 


If reductions greater than 7 to 1 are required, it is usually necessary 
to obtain the reduction by the use of two sets of gears. Back- 
geared motors can be used to furnish one set of gears in these cases. 
Thus if a reduction of 10 to 1 is desired, a back-geared motor with a 
standard 6 to 1 reduction, with a further reduction from the counter- 


‘ to x or 1.66 to x will fulfill 


shaft of the motor to the machine of 
the requirements. 

An example will explain how to proceed in a motor application 
where gears are to be used: ‘The speed of the driven shaft of the 
machine is 210 r.p.m.; the h.p. is 10; the motor is mounted on the 
machine and the limiting distance between centers is 12 ins. What 
are the sizes of gear and pinion to be used? The machine is a punch 
and. shear. 

In this case a pitch-line speed of approximately 1000 ft. per min. 
will be employed. ‘Table 23 shows that a ro-h.p. motor at 850 r.p.m. 
is the highest speed motor that can be used for this pitch-line speed. 
The ratio of reduction is then 

850 


ere a8 (use 4 to 1) 


(Continued on page 347, first column) 
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TABLE 25.—POWER REQUIREMENTS OF MacHINE Tools IN GROUPS 


Observed | Observed Observed | Observed 
4 : horse- horse- 4 horse- horse- 
Kind S) 
in ize Ae, nen Remarks Kind Size wonte eae Remarks 
maximum average maximum average : . 
BorinG MACHINES LaTHES— (Continued) 
Bullard, single head....| 36 ins .78 152 Reed, oc scassr esis oes 16 ins. 8 
«ff 36 
Bullard, double head...| 42 1ns Daye I.08 Blaisdell.< oi. aecles ors ES ins. Wis cs ctetee 39 
Cam CUTTERS Biaisdéliss secaceryee eee 20 Stigs of sacle, eer -44 
Brainardscce occ se-:- NGE oe Neawetimoe se -67 Reedsaceecaee 22 in 
Bande cee) Nowe) ef tacsescf | VOT oy Ea Ss. -37 “32 
Brainard..e. oss: oe No. 4 .48 .32 Reed:.cccecenss sees 24 Tiss TA acct ee 25 
Brainard... wetteseees No. 5 .48 a32 Blaisdeli 2 scare 24 IRS. he ae wiles oats es 
Lathe type, single head.|..........)-...+-+++: .32 Prentice 28 ins. j 
is se idl w on eteteta' oe] = 2 SEG ea, ars sat 
Lathetype,double head].....-....).-.+-+++55 .50 Draper... 2-2628- oie 38 ins 58 
Saas MaAcuHINES. ; Reed speed lathe...... TO ine, dew sere oo a 
See Ogerseraeecte |) E # ATISt Ml rer teeta or 12 Reed speed lathe.... -- LATiaS. AE ee odeeas -52 
urlbut-Rogers....... 2 ins 28 .14 to .18 Putnam squaring - up a5 ing! Vbonaosee~ oe 25 
Hurlbut-Rogers....... 3 ins .34 .20 to .22 lathe. | ; 
DRILLING MACHINES. Gisholt turret lathe...) SizeH |....... ° 
Prentice Bros. radial...| No.0 |.......--- 72 Pot oe ls 
i i 4 otter & Johnston No. 1 1.63 -33 to .63 
rentice Bros. radial. . er 3.18 appt} semi-automatic. j 
:| Sensitive ) ones & i 
Woodward & Rogers {| single- j .31 J palaie Lamson flat | 2X24 ins. 1.97 I.20to 1.80 
spindle Wood oe : 
Dwight-Slate......... aespinidiellimeere stints 32 Wood ae ae : ee edn) Gee e 
in : ends 16 ins. 
Sensitive : OW gM 5) -36 
Woodward & Rogers { Sei } 6 Bs turning lathe 36 ins. 1.50 1.30 
Woodward & Rogers..| q-spindle |... 8 Mier este 
Ee BUS BREEN -4 MILLING MACHINES 
oodward & Rogers.. | 6-spindle |.......... 75 Brainard 
pretest aoreht 2tl. ties 2 ae a 49:8 teat nee No. 1 -47 .30 
Preahioo upfeht cc. Ser ale hoes ry ee 2 Ae ead oeonte eie No. 3 -64 .26 
Prentice upright....... 20 ins ‘ —— ay pier a No.4 | ---+---- -- 19 to .20 
i FrllCononacetsye cetera -42 Brainard N F 
Prentice upright....... 22 i te eee 2 ied gl betaling 13 t 
; i MGo6 NE Beret hen. -59 Brainard ae 
Blaisdell upright here 24 io ea See iS seat OOO No. Gt Uh 2p eons .26 
Bintsdet anniek ree a Vk : a Brainard nat owas ie aetioe Nose, “eee 83 
Blaisdell upright...... Et ey eee ae a 5 ae fig eee re spied) esas weir oe 25 
Ph kG A. oe eee ase : : Brainard.. tte e sense No. 55 “Wee ees 25 
BA epacht Searle aie 33 Becker vertical. Pa Naat Vikwse see 26 
Bintacl uvvient.o.: eh Mier gash, +45 Becker vertical........ Na: 5%. T.st eee “55 
Weisel! upright. a ie tie -53 Becker-Brainard...... No. 3 5 
Blai 3 Sele tag Nivigan, cueneneances -63 Brown & Sh ay oe) ne ae 17 to .25 
laisdell upright...... SOMINSIM aleetee 8 = eet vi vs No.r | ....-+..-- 15 
Ce ce lemon ehh 3 Brown & Sharpe...... No. 2 ry 25 
Becinacd No Brown & Sharpe Rec : 
Gd Con moreeee AE dierent reyes ae 3 ei whe xs e's : 
Grille Gherhacdt..| No. 3 Fie. 15 to .32 Reed soe cee ee Nes 7). ie Se 
Brown & Sharpe...... Avotae Mr ete i Pratt & Whitney hand! No.1} |... a 
Say el OS gine ce ne 20 PLANERS ae } 
Brown & Sharpe cutter| N Whi i 
Rae a aero eicamBvc cscceenie = 5 17 ins. 
and reamer grinder Fa Whitcombsc, cusses 22 “ah X5 ft a, ey | mgt o 
C. H. Besly &Co. gard-| No. 4 1.42 as Putnam..... 22 ins. X 5 ft. x 4 ee 
ner grinder. i Putnam. t0c<0 04 503 24 ins. X6 ft. hy 2 
Brown & Sharpe plain.} No.11 |..... 8 Pitnsimnesn cece 26 ins. X 5 f Ek tga — 
Brown & Sharpe surface| No.2 |.......... oak Pultetns Socks das a0 8.F? laos / os 
Diown & Shacoeid arora epee .40 oe ae 30 ins. X 6 ft. 4.91 1.31 
- araceeendl| tye |e a ee " ERA Doce ee ain eine ae 30 ins. X 8 ft 6 
rown & Sharpe uni-| No.1 |.......... ee Bowelliasicncscrotericons 36ins. x roft.| Me — 
peep Fond. hoa eae foie yok — 1.60 
een te Sharpeuni-|| Ne.2 |. ......... 76 Wood panel planer. Z 4 leg vag ELT, 
al, : Wood a se ee rit 
oh eee Carine ood surface......... 24 ins. 3.40 2. ee 
7518 ls with, ial Neen 3.29 07 oneeaoea: POLISHING STANDS 
aval Brown & Sharpe...... No. 3 , 
Leland & Faulconer|..... Carrying Diamondinncecnocneee No. 5 ae? , . ~ te 
Wetennder ee wn eel ae Ge ign oes 4t to .82 two 24-in, || PUNCH PRESSES : ‘ net 
Dror Hasanns wheels Blistix-enihoasts cae No. 3 ae | 
2 oS a -59 zk 
londell... tree cence 40 Ibs, |... .... PROFILING MACHINES 26 
Pratt & Whitney..... a eetlie. |e ae. ae Garvin N 
Pp SEY ciazoivetsl jee 25 OUD GsllaNolel stale ale ars 2.0 AdSIn/N.¥ 8 S/R SISN TEN Not Bun acme 
oe = sles ase vane AOORLIOS lnc erences 2 a Pratt & Whitney...... No. 6 “ed er 
Suee meena angs liane poke rym (PE | (POSES GTS | ee i kts -40 
Pratt & Whitney... ey el a pts eee U 
Pratt & Whitney..... sccttee Me 3.50 BYR Math sch panes 36-in. wheels; 3.00 8 oe 
Billings & Spencer..... Z ie Me hee okes 4.00 CrrcuLar Saws a Bue 
POWEN Hinncand Orr SOO Asn tcremerne ial 5.00 Kimball Bros......... 9-in. b.ade work 
Bradley.......... roo 1 Whitney wean cere ce o-in blad sage ni 
Bradley.. yon OOUBSU i iciviretes 1.50 Whitercocus aun i = etn 
Pace ito tbe bee ee eed, eee ee T3-in. blade 5.82 
LGEVGR ATR Ae Ml) waueom sotisras ces 1.75 Hack Saw sual 
Baker Bros 
Pe a ese No. 4 cea uaz | Ae 12 80 Ty WMS] concen 6 
: 32 Screw Macuines or aks 
Reed boring lath : 
aye) i ae ree nota Ut. Brown & Sharpe auto- 
eed boring lathe ATS s Hicks aievaisieaie 35 : uto, No. 1 = 
Aci See iS OMT oni|teh as 4r mati: 
ne lathe..... ad Pima i i 
Reed lathe TANTS IF oi efelenniesers 24 aed: & Whitney auto- No. 2 
Prentice pa ie 14 Ins -48 26 matic... »-- » >" =} Ao 2a eee +37 
ee ES OUD DEUCE TG sini | Wepec tr dak “ of Pratt & Whitney...... Novae) lee 72 
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TABLE 26.—PowER REQUIREMENTS OF MacuinE Tools IN Groups—(Continued) 
- Observed Observed Observed Observed 
Kind si horse- horse- A 5 horse- h - 
ize power, hater Remarks Kind Size Sarat, ee Remarks 
maximum average maximum average 
ee ei ake tinued) ‘ Screw Macuines—(Con|tinued.) 
ay - ia Sreersso IN Oeethalllenieriaiat vars .80 Pratt & Whitney hand. NOs 226 Uline tenets +43 
oan arpe auto- NOt; tae nce .80 Pratt & Whitney hand. INGOS4 0 Steictds tetera: -47 
ae Pratt & Whitney hand. NOS SY Re ste rs tots cs 
Pratt & Whitney auto- | No. 3-O I.04 -90 SHAPERS : se , 
matic i 
ne Lodge & Davis........ TANHGs 0 Elite eeet. ok A 
Pratt & Whitney......| No. 3-B I.04 -90 Hendeéy Weavecccceeins 5 cat: a) tyler tras, oo ee as 
OG ie a No. 00 Sieh +36 Hendey se. sacle. ZAlinss, Mel her peters .52 to .70 
Peveland tsi... ce << 3 in. Bie wales: -40 Hendey sauces AS itis eee ls diary .52 to .70 
Clevielandisj.-7..u00 oes 2 ins. SEE HOI .87 TAPPING MACHINE 
Cleveland ccc iveciescce 22 ins I.04 -90 Pratt & Whitney ...... ING 20 mula hen .10 


The distance between centers for any set of gears is determined 


by the formula: 


b 


t— 


oP. 


pulleys and pinions are determined by the minimum speeds of the 
motors. 

Table 24 contains the ratings mostly used and pulley and gear 
information for this type of motor. 


where a is the distance between centers in ins., b is the sum of. 


the number of teeth in both gears and P is the diametral pitch. In 
. this case 


(Eo pS 


2X5 


or 6 =120 


The number of teeth in the pinion is, 
b 720 


Ratio of reduction plus 1 


in the motor pinion. 


—=24=number of teeth 


5 


The number of teeth in the gear is 4X24=06. 
Table 18 shows that the pitch-line speed for this motor with 20 


‘teeth is 890 ft. per min. The pitch-line speed with 24 teeth is 


24 : 
30% 890= 1070 ft. per min. 


If quiet operation is desired a cloth or rawhide pinion should be 


used with a 32in. face. Thus the 


gears are specified as follows: 


Motor pinion (rawhide) P=s5, face 3% ins., 24 teeth. Machine 
gear (steel) P=s, face 3 ins., 96 teeth. 
Applications of adjustable speed-motors are dealt with in a similar 


way. 


sidered on the maximum speeds of these motors. 


The belt speeds and pitch-line speeds must be carefully con- 


Power Requirements of Machine Tools in Groups 


Data relating to the power required to drive machine tools in 
groups are much more difficult to obtain and are correspondingly 


TABLE 26.—Friction Loap Dvr To LINE AND COUNTERSHAFTS 
Per cent. 
of friction load to 
the total load 


Department 


Kind of machine 


No. 2 horizontal Rockford boring mills.. 
Nowa Cincininats millers. . 4<.c<0c\e0 st02 
16-in. Lodge & Shipley lathes.......... 
Double disk grinders; double buffers; 
two-wheel emery stands. 
24-in. Bullard vertical lathes....... ie 
24-in. Gould & Eberhardt gear cutters.. 
Four-head Ingersoll milling machines. . 


Baker single and Bausch multi-spindle 
drills. 
Heald grinders, No. 60 internal grinders. ® 
No. 6 Whitney hand millers....... Sane 
andis: NiO. 2 STINGETS, 2... e 6 ene vie Ve 0c 
Norton 10 by so-in. grinders........... 
Jones & Lamson flat turret lathes...... 
Eight spindle Cincinnati gang drills.... 


Potter & Johnston automatics......... 
1}-in. Gridley automatics............. 
No. 4 Warner & Swasey turret lathe.... 
24-in. Cincinnati drill presses.......... 


1 Deducting idle machines. 


.|Heavy cuts on cast-iron fly-wheels. . 


Boring bearings in aluminum cases.. 
Light milling on aluminum........ 
Turning small forgings............ 
Grinding and polishing............ 


Cutting small cast-iron gears...... 

Making four cuts on cast-iron cyl- 
inders. 

Drilling and tapping cast-iron...... 


Cylinder grinding ..c...66sc0rernss- 
Keyseating small cast-iron gears... 
Grinding cam shafts..........000+ 
Grinding pistons and small forgings 
Machining small forgings.......... 
Drilling and reaming connecting 
rods (8 holes). 
Turning small cast-iron gears...... 
Machining cast-iron pistons....... 
Machining small forgings.......... 
Small drilling on forgings..........- 


Gam-cutting departmentmaa.mc secre eee 26 
Cutting-ofedepartinent siawis. anes eeeie eee as 
Cuttermaking department. .1 0s ee eee 
Chuckingidepartimen tie. ascertain ene 26 
hightidrilineydepartment.)..is saree ees 
Heavy drilling department 34 
Grinding department Paes obo o cua aee! 
Mathetdepartment# arson aie eee te S 
Milling department mais 
Planing department Seas 26 
Patternmaking department. 9-2-1 42 seieeeee eee 17 
The minimum Jig and fixture making department Sy 
TABLE 27.—POWER REQUIREMENTS OF MACHINE TOOLS IN Groups 
Floor area Total aver- pos bos BLS Ree Total 
Per cent. Total aver- and line- | power used 
of ma- | Be age power | 98° POW®T | shaft load| in doin, sige a 
Kind of work ; chine and | 98° POW’ per ma- = sq. ft. of 
chines per machine airy per ma- actual 
p operator 5 chine in . 2 ‘ floor area, 
running | . ft in watts! mar chine in work, in ia watts 
cope ees watts? watts! 
85 I50 1620 1320 Ir0o 300 8.8 
100 120 995 995 830 500 8.3 
60 55 900 555 500 87 I0.I 
55 55 1800 I000 300 830 18.2 
100 r00 1350 1350 350 1000 13.5 
100 65 333 333 250 83 5.1 
100 300 3550 3550 2300 1250 11.8 
40 70 1530 637 550 217 9.t 
85 70 2830 2430 1860 500 34.7 
60 40 365 220 120 165 5.5 
80 90 1875 1500 1000 625 16.7 
70 100 2000 1400 Ir00 450 14 
85 65 675 560 200 375 8.6 
100 I10 2840 2840 2000 840 25.8 
100 "5 690 690 440 250 9.2 
100 200 1520 1520 1250 270 7.6 
65 55 560 360 310 70 6.5 
90 40 520 474 345 100 11.8 
2 Including idle machines. 3 Exhaust fan not considered. 
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less numerous than those relating to tools fitted with individual 
motors. The individual motor must be proportional to the maxi- 
mum requirements of the tool, while the group Bee has to meet 
only the average requirement, this average taking into account the 
fact that some of the tools are normally idle at any one Ee 
Group driving therefore calls for much smaller motor capacity than 
individual driving. ; 

An excellent determination of the requirements for group driving, 
by L. P. Atrorp (Amer. Mach., Oct. 31, 1907), is given in Table 
25, which includes the results of many thousand observations ex- 
tending over a period of about six months in a plant comprising over 
2000 machine tools. The experiments were made prior to the intro- 
duction of high-speed steel and on machine tools, generally speak- 
ing, of the light or medium class used in making light automatic 
machinery. The rough parts were made with a small surplus of 
material to be removed, making the work of the cutting tools light. 
Since the chief use of high-speed steel is in removing large quantities 
of stock, the tests have permanent value for the conditions under 
which they were made. 

The tests were made possible by the arrangement of the works in 
departments, each department being devoted to tools of a given 
kind, not usually differing much in size. 

In the case of departments containing a variety of sizes, the re- 
sults were arrived at by a process of elimination. ‘The tests were 
made under strictly working conditions. 

The motor capacity for a department is subject to correction from 
the total obtained from Table 25 to cover the factor of departmental 
slip due to that lessening of the average horse-power values of 
machine tools due to working conditions in the department. During 
the progress of the tests the horse-power actually used by all of the 
machine tools in the plant was checked against the value obtained 
by computation after applying the individual horse-power values 
to the entire machine-tool equipment. Certain classes of machine 
tools were eliminated, such as speed lathes, grindstones, tool grinders, 
snagging grinders and others which are intermittent in their use. 
A comparison of the gross horse-power value so obtained showed 
that the sum of the individual power values was 20 per cent. higher 
than the actual horse-power used in the factories, Therefore in 
using these data for the purpose for which they were collected, the 
values obtained for the various departments by using the individual 
machine-tool values as given in Table 2 5 were reduced 20 per cent. 
before being used to determine the size of motor required. Two 
other exceptions were also made in its use. The power values were 
reduced one-half when applied to the machine tools of the jig- and 
fixture-making department and to the experimental department. 
The reason is obvious, as the tools are there used intermittently and 
with light cuts and fine feeds. 

To the machine tool load as thus determined, the load due to the 
line- and countershafts is to be added. Table 26 gives these friction 
loads for the plant at which the tests were made. For additional 
information on the friction of shafting see Index. 

Additional data of the same character are given in Table 27 by 
H. C. Spirrman (Mchy., June, 1913). The tests embodied in this 
table were made in an automobile engine factory after it had been in 
operation about nine months, 

The transmission equipment consists of a 20-h.p. motor for each 
department, driving two or three lengths of line-shaf ting, each about 
7o ft. long. The shafting is 276 ins. diameter, running at 240 I.p.m., 
and eupperced on Hyatt roller bearings at intervals of to ft. (For 
additional information on the friction of shafting with plain and 
Hyatt bearings, see Friction of Shafting.) The shafting was care- 
fully lined up when installed and re-checked with a surveyor’s level. 
The equipment was in excellent condition. 
crore, The mote went ety prevaution was taken to avo 
oe on ee ae were all tested for their efficiency at different 

cal instruments were carefully calibrated. Read- 
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ings were taken when the motor was driving the line-and counter- 
shafts only, no machines being in operation. The electrical losses 
were deducted, which gave the net shafting and countershafting loss, 
and this was carefully proportioned among the different machines. 
The second reading was taken with the machines running light, 
which gave the total friction loss. After these tests were completed, 
the machines were put into operation and readings were taken every 
fifteen minutes. A record was also made of the number of machines 
in operation and the kind of work the machines were doing. Each 
motor in this factory drives only one kind of machine tools, which 
greatly assisted in obtaining accurate results for the amount of 
power consumed by each size and kind of machine. The data were 
carefully tabulated and the floor area occupied by each machine, 
and space allotted for the operator were noted; also the total length 
of line-shafting. The trucking aisles and all other space not used for 
manufacturing was deducted, so that the unit values per sq. ft. of 
floor area include the machine and sufficient space for the operator 
and material. The results show that the line-shafting and counter- 
shafting consume 30 per cent. of the total power, and the total 
friction losses absorb 72 per cent. of the total power. This makes a 
42 per cent. loss of power from the countershafting to the machine 
tools, and only 20 per cent. of the total power is utilized in doing work. 
The electrical loss shows 8 per cent. of the total power. In the table 
there are two items mentioned as follows: Total average power per 
machine, deducting idle machines; total average power per machine, 
including idle machines. These items include all the mechanical 
power of that department, such as line-shafting, countershafting, 
machine friction and power consumed in doing work on the machines. 
In the first case this total power is equally divided among all the 
machines which are in operation. In the second case it is divided 
equally among all the machines, both running and idle. The elec- 
trical losses are omitted in all cases. 


Power Constants for Punching and Shearing 


The power required for punching and shearing formed the subject 
of experiments by Pror. G. C. AntHony (Amer. Mach., May 22, 
1913). The apparatus employed consisted of a hydraulic bolster 
below the die and connected to an ordnance indicator by which indi- 
cator diagrams of the pressures were obtained (Trans. A. S. M. BS 
Vol., 33). Examples of these diagrams to a reduced scale are given 
in Fig.12. The steel plate tested was from the Lukins Iron and Steel 
Co., and was of 3, 35, 3, +4, } and $ in. thickness, having an aver- 


. Thickness of Plate &// 
, J Nao | a 
$$$ $$ 


Single Shear 


Thickness of Plate 14// 


,, Thickness of Plate \ ’” 


100 Lbs, 


a : = 
4 Punching 4 Double Shear 
Fic. 12.—Indicator diagrams from punching and shearing 
experiments. 


age tensile strength of 59,000 Ibs. per sq. in. with elongation of 27 
per cent. and reduction of area of 55 percent. Flat, bevel and spiral 
punches of 3 deg. of clearance were included in the tests. The cards 
were interpreted for both maximum pressure and ft.-lbs. of work 
required. 

Fig. 13 gives the work and maximum pressures developed when 
using flat punches having .06 in. clearance. Figs. 14 and 15 give 
the effects of clearance and shape of the punch on the work and 
maxlmum pressure required for punching. The character of the 
punch and amount of clearance are given at the top of the charts; 
the ft.-Ibs. of work and maximum pressure are at the left, and the 


LS 
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thickness of the plate is indicated on the charts. Save in two or 
three cases the minimum values for work and pressure were obtained 
by the use of the flat punch, and in one of these cases, the spiral punch 
in §-in. plate, the value is questionable by reason of insufficient data. 

While efficiency in the use of bevel and spiral punches in thick 


Plate Thickness, Ins. Plate Thickness, Ins. 
7 eae. 8 cis oF cena? ee Gee 


a 


It 
// 


Foot Pounds 


3 
Ea 
ial 
ha 
a 
Le 
ne 
Ex 


Fic. 13.—Work and pressure of punching steel plates with flat 
punches having .c6 in. clearance. 


' plates has been frequently questioned, it has been believed that a 
decrease in pressure was general when they were used in punching 
thin plates, but the results of these experiments do not confirm this. 
The bevel and spiral punches crowd the metal to the walls of the die, 
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TABLE 28.—SHEARING VALUES or Hot STEEL BLOOMS OF .20 
CARBON AND 70,000 Las. ULTIMATE STRENGTH 


Size of Temperature Max. pressure, | Energy, ft.-lbs. 
bloom, ins. Fahr. about Ibs. per sq. in. per sq. in. 
9X9 2500 '5,000 540 
6X6 2500 9,000 
4X64 2500 II,000 800 


TABLE 29.—SHEARING VALUES OF CoLD STEEL BARS OF 70,000 
Las. ULTIMATE STRENGTH 


Thickness Angle of Max. pressure, | Energy, in.- 
of bars, knives, Ibs. per | Ibs. per inch 
ins. deg. sq. in. of width 
I Flat 48,000 1200 
I 4 36,000 1000 
I 8 22,000 700 
14 Flat 48,000 2500 
Iz 4 45,000 2000 
14 8 32,000 1600 


single shear; that the ultimate strength of the plate in double shear 
is 1.95 greater than in single shear. 

Experiments with similar apparatus were made and reported by 
H. V. Loss (Journal of the Franklin Institute, Dec. 1899). Mr. 
Loss’s experiments covered the shearing of hot blooms from 4X4 ins. 
to roX zo ins., and of cold bars from 3 to 24 ins. thick and 4 to 8 ins. 
wide. His results are summarized in Tables 28 and 29. The appar- 
ent anomaly of greater energy consumed when cutting hot metal is 
apparent only. With cold metal the bar breaks after a compara- 
tively small depth of penetration, while, with hot metal, the shear 
blade plows through the entire thickness before the parts separate. 


thus producing unnecessary friction, while 
the real cutting edge, which is on the die, 
does not produce the effect of a bevel 
shear. 


Flat 


Too 


Yo. | 
Clearance Spiral | CH 


lcarance 


cent. for the larger and roo per cent. for the 


T 3 | At a temperature of about 1800 deg. Fahr. 


the maximum pressure increases about 50 per 
Clearance 


Fig. 16 gives the work and maximum 
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Frc. 14.—Effects of clearance and of form 
of punch on work of punching. 


and for single and double shear of plate and rivet. The tension 


value has been added for purpose of comparison. 

It will be observed that the work required for punching is approx- 
imately double that for shearing; that the ultimate shearing strength 
of the plate is about 75 per cent. of the tensile strength; that the ulti- 
mate strength of the rivet in double shear is 1.82 greater than in 


Fic. 15.—Effects of clearance and of form of 
punch on maximum pressure of punching. 


500 


Fic. 16.—Punching and shearing values of 
steel plate. 


smaller sizes. At the same temperature the energy increases about 
4o per cent. for the larger and 75 to 80 per cent. for the smaller 
sizes. 

The pressure required to drive rivets may be obtained from Fig. 17 
(Amer. Mach., July 13, 1911), which is based on formulas by 


Wilfred Lewis. 
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Pressure Required, in Tons 


134 ae 
ci | aed 
Pech 
> 
9 Ca 
5 
24 
3s 
A 2 Si be 
oe] 
AF ea MO A 
._ Wea ano eee 


0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 
Pressure Required, Lbs, 


Fic. 17.—Pressure required to drive rivets. 


Power Constants for Centrifugal Fans 


The power required to drive Sturtevant centrifugal fans is given in 
Tables 30 and 31 from tests by the Interior Conduit and Insulation 
Co. (Amer. Mach., Dec. 31, 1806). 

Centrifugal fans consume an amount of power which is dependent 
upon the opening of the outlet and the amount of air which the fan 
is allowed to pass—an obstruction in the outlet operating to decrease 
the power consumed, which is at a maximum when the outlet is 
entirely free. As fans are actually used for blowing fires and many 
other purposes, the resistance of the fire operates as an obstruction 


TABLE 30.—PoWER REQUIRED TO DRIVE STURTEVANT STEEL 
PRESSURE BLOWERS 
The Upper Figures of Each Set Give the Power Consumed with the Outlet 
One-third Open; the Middle Figure, Two-thirds Open, 
and the Lower Figure Fully Open 


Pressure of 
iat 4 02. 5 OZ. 6 oz. 7 OZ 8 oz. 
Size No. of 
ee Rev. | H.p. | Rev. | H.p. | Rev. | H.p. | Rev. | Hyp. | Rev. H.p. 
7 .0 3 
2 3103 | 1.4 |3445 | 2.0 13756 | 2.6 
Bon 3.0 3.9 
5.0 54 1.8 
3 2456 -0 12753 | 2.8 |3006 | 3.6 
3.0 4.2 5.4 
Te) TEAC) CG 
4 2224 | 2.8 |2470 | 3.8 |2602 | 5.0 
4.2 5-7 qin 5) 
2.0 2.8 ce 4.6 
5 1814 | 4.0 |2026 | 5.6 2215 | 7.2 |2387 | 9.2 
6.0 8.4 10.8 13.8 
3 3.6 4.7 6.0 Ye 
6 1619 | 5.2 |1707 7.2 11960 | 9.4 |20090 |12.0 2258 |14.6 
7.8 10.8 14.1 18.0 21.9 
3. 5.0 6.5 8.3 10.4 
7 1344 | 7.2 |1507 |10.0 1641 {13.0 11768 |16.6 1808 |20.8 
10.8 I5.0 190.5 24.9 B2.2 
; 4.5 6.4 8.4 10 13.0 
1200 | 9.0 |1330 |12.8 1445 |16.8 |1565 lar.2 1675 |26.0 
13.5 19.2 25a 31.8 39.0 
5.9 8.3 10.9 13.8 16.9 
9 1035 |I1.8 |1145 |16.6 I250 |21.8 |1350 |27.6 1446 |33.8 
17.7 24.9 32.7 41.4 59.7 
7.9 Ir.2 14.5 18 
: 4 22.5 
0 902 |15.8 | 995 |22.4 |ro8s5 |29.0 |r168 36.8 |1253 |45.0 
Sees 2SreVF 33.6 | 43.5 55.2 | 67 
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and the power consumed is, during normal conditions, reduced from 
the maximum. Nevertheless, at various times this resistance is 
reduced or may be absent, when the power consumed at once mounts 
up to the maximum. . : 

With fan driven by a belt or special engine, this increase is a matter 
of little moment so long as the belt or engine is able to drive the fan, 
and on this account the figures for power given in the catalog of fan 
makers show what is supposed to be the average or normal require- 
ments. When fans are driven by electric motors the conditions are 
changed, since an electric motor has no limit of capacity beyond 
which it slows down or stalls, but, on the other hand, takes more and 
more current in the endeavor to drive the load, until a burn-out 
results. Consequently electric motors for fans should be propor- 
tioned with reference to the maximum requirements, and not, as 
with steam engines, to the mean. ; 

The figures of the tables are no doubt the equivalents of the current 
readings which necessarily exceed the actual power consumed by 
the fans. 

A pressure of 4 oz. is amply sufficient for ordinary forge fires. 
There is a tendency toward specifications for higher pressures than 
this, even up to 8 oz., but it is doubtful if such pressures ever reach 
the fire, the convenient blast gate cutting the pressure down to lower 
figures. 

The horse-power required to drive centrifugal fans has been investi- 
gated by A. E. Guy, and the results are given below (Amer. Mach., 
June 29, I9II). 

When the fan takes the air from the atmosphere and delivers into 
a duct, and particularly when that duct or pipe is circular, it is 
comparatively easy to measure the approximate capacity of the 
apparatus when the air handled is at a moderate temperature. The 
instrument needed for the operation is very simple and can be easily 
made. Fig. 18 represents a conbination of Pitot and pressure tubes 
connected to a glass U-tube containing water. The end of the assem- 
bled tubes should be inserted into the delivery pipe as shown. A 
straight part of the pipe should be selected where the flow is not 
likely to be disturbed by the influence of bends, valves, etc. The 
gage should be inserted into the pipe for about one-sixth the diameter 
and turned so that the open end of the Pitot tube is against the cur- 
rent. If the tube is not so placed the readings will not be correct. 


To Pitot Tube 


H+h 


Fic. 18.—Apparatus for finding the pressure and flow of air in blast 
pipes. 


With the two rubber tubes in place the difference in the heights 
of the columns of water in the U-tube shows the velocity head causing 
the flow in the duct. Disconnecting the Pitot tube from the glass 
gage and measuring the height between the two levels, will indicate 
the pressure head against which the air is delivered. Again connect- 
ing the Pitot tube and disconnecting the pressure tube, will show, by 
the difference in the hights of the water columns, the total head Ae 
duced by the fan. This total head is composed of the static head 


measured by the pressure tube, plus the velocity head shown when 
the two tubes are used together. 


=< <a ep ete ee see 


Te 
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TABLE 31.—PoWER REQUIRED TO Drive SturTEVANT MonocramM BLOWERS 
The Upper Figures of Each Pair Give the Power Consumed with the Outlet One-half Open, and the Lower Figure with the Outlet Fully Open 


p=pressure in lbs. per sq. ft., 
d=weight in lbs. of 1 cu. ft. of free air at 50 deg. Fahr. 


=.077884, 


406.7 =ins. of water, corresponding to atmospheric pressure. 
Knowing the inside diameter D, in ins., of the delivery pipe, the 
volume discharged in cu. ft. per sec. is 


air per min. would be 


x D? 


4X 144 
But this air is at a pressure H and the corresponding volume of free 


xD? XvX60X(406.7+H) D? XvX (406.7+H) 


4X 144 X 406.7 


I242 


The horse-power in air delivered would be 
volume per min. X pressure per sq. ft. 


62.35 


- a 


Hence, 


vol. per min. X 5.196 XH _ 


33,000 
One cu. ft. of water weighs 62.35 lbs.; 1 in. of water equals 


air h.p.= 


33,000 


cu.! ft.1 per min. X H 


5.196 lbs. per sq. ft. 


6350 


air h.p. 


cu. ft. per min. 


_ Pressure of blast I oze th oz. 2 OZ. 2} 02 3 02. 3% oz. 4 0Z. 5 OZ. 
. Size No of blower |. Rev. | H.p. Rev. | H.p. Rev. H.p. | Rev. H.p. | Rey. H.p. Rey. H.p. | Rev. H.p.| Rev. | H.p. 
.I5 28 
oO 1863 22 ¢ 6 “44 8 
+30 74 .56 a .88 eons ina sian 1.6 
+2r -38 .60 8 
I 1632 19902 ene Tad 
42 99 eG 2201 eon 2550 a 2782 ae 2092 2.8 
28 5 79 I I 
2 a 6 5 it 
<Yis} i6 1677 aS 1928 6 2147 ae 2343 0 2520 as 
-40 oy Lol 1.6 2.0 2.6 ~2 m 
3 1167 bse 1425 ey 1638 5 1824 ae I900 aoe 2140 rae 2279 ie 2527 oH 
' I.0 35 ad 2.8 305 Ans 6.0 
1050 
4 2 rr peat 2.0 xAz0 3.0 aE? an TUES 5.6 1542 70) noes 8.6 are I2.0 
7 23 22% 9 3.9 4.9 6.0 8 
5 852 1038 4 
i5 = rie oon 4.2 eS 5.9 490 brass AM 9.8 see It.9 1843 16.7 
6 526 1.0 886 1.8 Fore .9 ae 4.0 : ees 6.7 8.1 II.4 
oI oth adi Si 8.0 23 10.5 oe 13.4 aad 16;,2 ie Peep 
B38 Did 3.8 ee} 6.9 8.7 10.7 I5.0 
7 632 772 878 88 078 
257 4.9 7 Ghat 9 10.6 a27 13.9 eto E733 2234 21.4 nas 30.0 
8 ae at 66 Sor 66 4.8 8 6.7 8.8 Cred F305 18.2 
4 sa 5 én 7 ole 52 asd 930 a T000 ee 1065 nea 1180 S65 
2.2 aot 6.3 8.9 Din 14.8 18.0 25:35 
9 77 8 671 8 8 
4 .5 Re 8.2 7 Ro 74 77.8 5) 23.4 a 201.7 32 36.1 p34 50.6 
.9 Se 8.3 DT. 7, I5.4 18. OR sae 
10 26 8 66 
4 520 oy 10.8 oe 16.7, 7 23.3 nae 30.7 ae 36. ad 47-3 age 66 
4.0 74 II.4 16.0 2s 20.7 32.5 45.5 
6 62 I 6 6 66 
3 = 8.1 ae 14.8 ony 22.9 BY 32.0 be 42.1 = 53-4 1ua 64.9 785 91.0 
Bid 9.8 E5n2' eiier2) 27.9 35.4 43 60.3 
16 8 
37 3 sa 345 te 239) os 493 HW iets 53 Ane STS We one 615 Wee: 683 race 
Calling the velocity of flow 2» ft. per sec., the velocity headhins. Substituting for the volume and velocity their respective values: 
of water, and the static pressure head 7 ins. of water, ch D?XvXH X (406.7+H) 
ras Ss alr h.p.= = 
J b_ , [1,746,700Xh \ h 6350X 1242 
= DO Ye ET A sw 
Sd 406.7+H 3 (406.7+#H) , h D?H\/hX(406.7+H) 
. F D*XHX | 1321 ran, X (406.7-+H) = I 
in which, 400.7-- 5970 


As the efficiency of ordinary blowers is about 50 per cent., multiply- 
ing the air horse-power as just obtained by 2 gives approximately 
the shaft horse-power necessary to run the blower. While reading 
the gages the speed should be kept constant, and the time selected 
when the flow of air is uniform. 

The gage readings and particularly that of the velocity head 
should be very close, for which reason it is preferable to use a U-tube 
of rather small diameter. 

The formulas given are intended for approximate work only. The 
density of the air depends so much upon the temperature that the 
method would not apply to hot-blast work, forinstance. Corrections 
should also be made for altitude and humidity. 


Power Constants for Moving Heavy Loads 


The power required to move heavy loads on wheels may be obtained 
from Fig. 19, by A. D. Harrison (Amer. Mach., June 18, 1908). 
The chart was originally designed for hoists and cranes but is appli- 
cable to analogous conditions. It represents the formula: 


Ws 
Brake h.p.=.0097 | a+ | 
in which W = total weight of structure, tons, 
S =speed, ft. per min., 


D=diameter of wheels, ins., 
d=diameter of axles, ins. 
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The coefficient of rolling friction is taken at .035, the coefficient 


of sliding friction at .z and the efficiency of the gearing at .70. 
The use of the chart is shown by an example below it. 


Traveling Speed, Ft. per Min. 


Total Lcad, Tons 


20 


Brake horse power required ; 


at Motor 1 


40 35 30 25 20 15 10 5 


Diameter of Axle, Ins. 


Diameter of Traveling Wheels, Ins. 

Starting with a load of 80 tons, trace to the right to the speed 
—6o ft. per min—then down to the wheel diameter—27 ins.— 
then to the left to the axle diameter—8 ins.—and then up to the 
horse-power—13. 


Fic. 19.—Power required to move heavy loads on wheels. 


Measuring the Energy of Kammer Elows 


The measurement of the energy of hammer blows by the compression 
of lead plugs, formed the subject of experiments by the Niles-Bement- 
Pond Co., which were reported by W. T. Sears, Mech. Iingr. of the 
company (Amer. Mach., Mar. 10, IQIO), 

Previous experiments of this kind have, usually, been made by 
comparing the compressions obtained under hammers with the meas- 
ured compressions obtained under testing machines. The speed of 
the compression is, however, known to affect the results and, hence, 
these tests were made under falling weights at speeds equal to those 
obtained in actual practice in a steam hammer, in order to get final 
results which could be depended upon in steam-hammer work. 
These results are, finally, compared with those obtained from slow- 
speed or static tests. 

The velocity of a hammer ram at the instant before impact with 
the anvil, depends on friction, the total mean effective pressure on 
the piston and the distance it has fallen through. 

For a Niles-Bement-Pond II0o 


-lb. steam hammer of 28-in, stroke, 
the maximum velocity, 


assuming a constant pressure of roo lbs. per 
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Tape 32—THE CoMPRESSION OF 13X1}-IN. Leap PLUGS UNDER | 
FALLING WEIGHTS 


Note.—Where division lines include two or more plug numbers, the weight 
was deoped upon as many plugs at one time as there indicated. 


| Plug dimensions, ins. 


a . Striking 
= g zr) ° o velocity. 
a 4 3 
ee tee e a = - = 3 ft. per ~ 
No q “OD & bo oO oO un 
(ae) £4 Ser 8 eS eee sec. 
=o , 
G2) 94 SSeS eo ee 
13 20 | 240 4,800 -4 
I4 20 | 120 2,400 
I5 20 | 240 4,800 
16 20 | 360 7,200 
17 50 | 120 6,000 
18 50 | 240 12,000 
19 50 | 360 18,000 
20 100 ; 360 36,000 | 
21 100 | 240 24,000 
22 100 | 120 12,000 | 
23 I50 | 360 54,000 | I.492] .194) 5. a7 / 43.9 
24 I50 | 240 36,000 T.495| «2G £9051 252 e a / 35.9 3 
So] 
/ pee =} 
25 200 | 120 24,000 T.492| -401| T.O91)........ / 25.4] 3 
. | a 
. = 
26 200 | 240 48,000 | 1.492 219] 1.274)........ ) 35.9 $ 
=a : j 2 
27 200 | 120 24,000 1.489] -405 aati, ie ere 25.4 ut 
a > 
| a 
28 I50 | 120 18,000 | 1.492 501| -991) Bap Ee. aera a 
I o 
20 150 | 240 36,000 | 1.502 75) 2. SS cae | 35.9 = 
| oy 
/ | i / < S 
30 I50 | 240 36,000 | 1.503} -275| en + a outes eed 35-9 | & 
| 
! c : 
31 oe . 1.498} .502! -996) 2 5.9 
<5 I50 | 240 | 36,000 1.498 soz! oor! 093 | 3 
33 2.5 70| -830, 
34 I50 | 240 | 36,000 | 1.408 681) ~817) -822 | 35.9 
35 I.405 677} I / 
36 Es 769 731| | 
at. 1.5 | .778| 722! “ - 
38 150 240 36,000 | —e 778| ae | 725 | 35 
39 1 2.S | .77a] 5 yap | 
40 I50 | 240 36,000 | 1.408 .279| x.2r9}........ | 35.9 
‘ 
4 1.407 663} .834 | 
42 | < I.502 660 842 8 | 
res | ‘ : 842 .9 
43 | 200 240 48,000 7.508 660 842 4 | 55. 
44 | | 1.502 650 852 
45 | 1.5 SIS} 985 
46 | I. 50% 525 -976 
200 6.5 | 71,300 98r | 43.7 
~ 35 | as 1.5 | .525| .o75| 
48 I. 502 515! 987| 


sq. in. on the piston on its downward stroke, and neglecting friction, 
would be in the neighborhood of 35 ft. per sec., and this corresponds 
to the speed due to gravity alone, acting through a distance of about 
To ft. 

The plugs, which were 1 ins. diameter by 1} ins. long, were tested, 
in most cases, one at a time by placing them on ananvil, having 
a weight of over 8000 Ibs. and striking them with different size cylin- 
drical weights, weighing from 20 to 200 lbs. dropping from different 
heights up to 360 ins. In addition to a drop on a single plug, the 
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150-lb. weights were tried with two, three and four plugs, and the 
200-lb. weight with four plugs. 

The falling weights were guided by two lengths of piano wire 

stretched tight vertically. The weights were tripped without giving 
any initial velocity, and there is not much question but that the 
actual and theoretical velocities at instant of impact were, very 
closely, the same, the friction loss due to the guides and air being, 
undoubtedly, very slight. 

There was certainly some loss, even if small, and therefore the 
compressions obtained were perhaps a trifle less than they should 
have been. 

Table 32 gives the results of these tests. 

In plotting the energy curves, Fig. 20, which are the values that 
were wanted, it was found that there was not so much difference 
in the higher speeds, as was perhaps to be expected from the consider- 
able difference that occurred at the low speeds. 

In other words, the higher the velocity, up to the maximum of 
speeds tested, the less the energy curves varied. 
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Somewhat similar, though less complete, tests using copper cylin- 
ders, which have been often referred to, were made by Pror. R. H. 
Tuurston (Amer. Mach., Dec. 24, 1903). The original object of 
these tests was to determine the comparative efficiencies of crank 
and friction roll (board drop) presses. Two hammers of each type 
were tested, the falling weights being about 300 and goo lbs. respec- 
tively. They were adjusted to fall 28 ins., that being the maximum 
lift of the crank drop hammer. The effect attainable by utilizing 
the full 6o0-in. lift of the friction roll hammer was not deter- 
mined experimentally, but it is easily calculable from the data 
obtained. 

The gages used in measuring the work done by the hammers were 
cylinders of pure merchant copper, prepared for the purpose. They 
measured: Size No. 1, 2% ins. long, 1% ins. diameter; size No. 2, 
2 ins. long, rin. diameter; size No. 3, 14 ins. long, § in. diameter. 

Of these, a considerable number were prepared and divided into 
three sets: one for use with each kind of hammer, and one for testing 
and standardizing in testing machines. The work done by crushing 


TABLE 33.—WorK Done By Drop Hammers As MerAsuRED By THE CompRESssION or Copprr CYLINDERS 


Friction roll drop hammer Crank lift drop hammer 
Weight of drop 903 lbs. 319 lbs. 925 lbs. 290 \bs. 
Size of copper 14X29" TCoe TOCOLe gx rh” 1x23” roca Ex 3X14" 
cylinders No. 1 No. 2 No. 2 No. 3 No. 1 No. 2 No. 2 No. 3 
Area in sq. ins. under compression curves VIDS; VEE IL ANO ARS Neo CAG a ALM APQ 
(see chart). 45.22 45.26 ee Suse 70 35-10 36.25 1Os7/5 9 LO:50 
Average 45.34 Average 13.75% Average 35.67 Average 10.673 
Reduced to work done or in.-lbs. 22,715 22,630 6,875 6,880 Tp SS OmeEOL OTS Or SSR? SO 
Average 22,672 Average 6,877 Average 17,812 Average 5,312 
Reduced to work done or ft.-lbs. Average 1,884 Average 576 Average 1,484 Average 443 
Work done per lb. of drop in ft.-lbs. Average 25.10 Average 21.56 Average 19.14 Average 18.30 
Work done per lb. of drop in ft.-lbs. Average 2.09 Average 1.8 Average 1.6 Average 1.52 


This is quite clearly illustrated in the chart, Fig. 20, which gives the 
energy curves worked up from the Niles-Bement-Pond tests and from 
tests made at Purdue University. It would seem as if, after a speed 
of say Io ft. per sec. was obtained, that a further increase in compres- 
sion speed makes very little change. 

The speed of to ft. is simply a guess, and it may be 5 ft. or 1, or 
even less. 

This was a point which was not important to the company, but 
it would seem to be vitally important in measuring energy of blows 
where the speed is low, for all tests so far made show that energy 
calculations of a slow-moving blow cannot be even closely estimated 
unless the speed is known. 

Curve A is worked up from slow-moving or static-pressure tests 
at Purdue University. 

Curves B and C are the energy curves, resulting from Niles- 
Bement-Pond slow-moving or static tests of which the speeds are 
given. 

Curve D is the result of the low velocity drop tests made by the 
Niles-Bement-Pond Co., which are not shown in the table, but 
which were made roughly in a hammer, having a falling weight of 
1330 Ibs., an anvil weight of 16,400 lbs. and a maximum drop of 38 ins. 

Curve E is plotted from the tabulated results given in Table 27, 
and is the curve that is used for hammer calculations. 

Curve F is plotted from the published results of Purdue drop tests, 
in which the maximum velocity is 197’ ft. per sec. 

In order to check up new lots of plugs from time to time, static 
or slow-moving tests are obtained, and if these agree with previous 
ones, it is assumed that the action at the high speeds will also be 
practically the same, thus giving fairly dependable results. 

No appreciable difference has been noted in new lead obtained 
from time to time, or in lead that has been used for tests and remelted. 

The lead should be reasonably pure, though small amounts of 
impurities do not appear to affect the accuracy of the results. 
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the standards in the testing machine to the same extent that com- 
panion specimens were crushed under the hammers, gave a measure 
of the action of the latter, and permitted a fair comparison to be made. 
The amount of work done in the slowly acting testing machine 
in producing a given compression is somewhat less than where the 
same effect is suddenly produced, as by a falling weight; but this 
difference effects the two hammers nearly alike, and, if the difference 
were measurable, it would be found to tell against the drop which 
falls most rapidly—the friction roll hammer, in this case. 

The results of the experiments thus made are exhibited in Table 
33 and Fig. 21. The final results of the table are given in ft.-lbs. 
of work per lb. of hammer, and the unavoidable differences in size 
are thus eliminated. 

The chart, Fig. 21, was made thus: The compression of each set 
of gage cylinders was averaged for each of the two styles of hammer. 
These average compressions were laid off, on a convenient scale, 
horizontally from the left toward the right. Erecting ordinates at 
the extremities of the abscissas thus measured off, proportional to 
the loads required to produce the same compression as determined 
by the testing machine, and shown on the chart by the curve laid 
down by plotting the loads and compressions obtained by test, a 
measure of the work done by the hammer is obtained. 

This was done for each hammer, and a set of measures is thus 
given of the work done by each machine, and the effects produced 
by the hammers are rendered easily comparable. 

Comparing the tabulated figures, it is seen that the friction roll 
drop hammers performed, respectively, 25.1 and 21.56 in.-lbs., or 
2.1 and 1.8 ft.-lbs. of work per Ib. of weight of drop or hammer, 
while the crank lift hammer gives 19.14 and 18.3 in.-lbs., or 1.5 ft.-lbs. 
per lb. of hammer falling 27% ins. The theoretical effect would 
be 27} in.-lbs, or 2.25 ft.-Ibs. The “efficiencies” of the two are, 
therefore, 90 per cent. for the friction roll hammer, and less than 
7o per cent. for the crank lift hammer. 
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Fic. 21.— i 
21.—Work done and pressures obtained by drop hammers as measured by the compression of copper cylinders 


Cutting Capacity of Po i i 
ee a i, ie Presses einer to * Ppa into account. This depth of penetration 
een 20 or p sie as been analyzed by E. W. é ea e called, varies greatly. At 1s influenced by the ductility 
sect nets aa : 905); the result being the chart, Fig 22, 29 thickness of the material and it increases as the thickness de- 
A eee e principle that the cutting length increases  CTCS€S, but not In simple proportion. Table 34 gives the results of 
ly e square of the thickness of the material, That is, S©me experiments with soft steel, in which é stands again for the 


. ae (0) thickness of the material, and P for the depth of penetration. 
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Taking into consideration the depth of penetration, formula (a) 
for the cutting length will now have the following form: 
me. 
~ Pps (0) 

When the cutting length of a power press for a certain thickness ¢ 
and resistance s is given, and it is desired to know the cutting length 
q, for another thickness ¢, of the resistance 51, the following formula, 
which is derived from (6), will give the answer: 

_ Blps 
1 Fas e 

in which 9; stands for the depth of penetration for the new thickness 
introduced. 


t 
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To find the angle which the upper knife must have to keep the 
maximum pressure within the limit of the press formula (¢) may be 
inverted thus: 


(e) 


cot stant Ps 

When closed cutting dies are used, for instance, a round blanking 
die, it is customary for practical reasons to give the die (or punch) 
several high points, and the question arises: How does the number 
of cutting points affect the pressure which is required to penetrate 
the material? 

In answer to this question refer to Fig. 24, in which c is the devel- 
oped circumference or cutting length of a round die. According to 
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Fic. 22.—Cutting capacity of power presses. 


While the cutting length of which a press is capable may be 
obtained from these formulas, another factor has also to be taken 
into consideration. The pressure required to force the knife or die 
through the material must not exceed a certain maximum which is 
fixed for each press. To keep the pressure within this limit, it is 
often necessary to incline the edge of one of the dies. 

When the cutting edge AB, Fig. 23, descends, it finds a resistance 

(Peacoat, aS (d) 
in which ¢=thickness of the material, 
s=ultimate resistance to shearing, 
a=angle of the knife, 

This formula is limited in one direction to which attention should 
be called, viz., the width of the bar divided by its thickness must be 
greater than cot @. 


formula (d) the pressure necessary for one inclined side of the punch 
is equal to .5¢? cot. @s, consequently for both sides of one cutting 
point the pressure is twice this amount or /? cot. @s. If be the num- 
ber of cutting points, the total pressure necessary is 


P=? cot. asn (f) 

d C 

cot a=7 and C=. 

1 =— +5 
consequently slag We 
This value, substituted in formula (f), gives: 

_ Pes () 
Bee 8 


In this formula the number of high points does not appear at all, 
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showing that the pressure is not influenced by the ee zs oe 
points and merely depends upon the amount of shearing ; : ee 
ascertain the amount of shearing 6 which the die must er o keep 
the pressure within the limit P, formula (#) may be used: 
=< (H) 
Tair 
Although developed from a plain round cutting die, these f Pee 
will hold good for irregular dies. In this case it is only necessary Oo 
observe that all sections of the cutting edge have the same inclination. 


“4 
aq 
= Clearance 


Lip Surface 


2 
a le. 
Section through Line A-B 2 3 Bee 
Showing Greatest, or True 8 g: ri ody 
Slope of Lip Surface 2 3 . 
Horizontal Line 


ae Side : lope 


Body of 


Tool 


Fic. 25.—Definitions of tool elements. 
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a 
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mleys Clearance 6° 
Sy8 Back Blope 8° 


vs Side Slope 14° 
my Jt. 
Shapo of 7% Round 
Nosed Standard Tool, 
Two-Thirds Ground 
away 


Fig. 26.—Taylor’s standard z-in. rough- 
ing tool. 


Bhape of Standard 
%” Tool, corres- 
ponding to those 
Given In Fig.27 


The cutting capacity of a given power press for a certain thickne 
of a certain material being known, it is possible to draw 
istic curve which shows the cutting lengths for any other thickness 
of the same material. Such curves have been drawn in F ig. 22 for 
sizes Nos. 3 to 9 of the Zeh & Hahnemann power presses. They 
are based upon steel of an ultimate strength of 60,000 Ibs, per sq. in. 

These presses are graded in such a manner that they exert a max- 
imum pressure in tons equal to the square of their number. The 
No. 5 press, for instance, exerts a maximum pressure of 5X5 or 25 
tons; the No. 6 of 6X6, or 36 tons, etc. ‘These pressures must be 
known to a die-maker in order to enable him to determine the proper 
amount of shear by the formulas given to obtain a safe result. 


ss 
a character- 
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Fic. 27.—Blunt tool for cutting hard 
steel and cast-iron. 


Following are two practical applications of the formulas: 


(x) A die has a cutting length of 14 ins. in {-in. soft steel. Which 


i i uired? b 
Ae ee eae that the No. 5 press cuts §-in. steel about 14 ins. 
long. Consequently this press will do the work. This press, gar 
ing a maximum pressure of 25 tons, we have to shear the " s = 
ciently to keep the pressure within this imit. According to a 
(h) this shear must be at least 

I X14 X 60,000 P 


This being the extreme limit, it would be well to increase the shear 
somewhat, say to .2 or .25 in. 


Taylor’s Tool Forms 


The shape and duty of roughing tools formed the subject of 
exhaustive .experimental investigation by F. W. Tayitor and his 
associates (Trans. A. S. M. E., Vol. 28). Mr. Taylor defines the 
various elements of cutting tools by means of the outline sketches, 
Fig. 25. Regarding the values of the various angles for roughing 
tools he makes the following recommendations: , 

Contrary to the opinion of almost all novices in the art of cutting 
metals, the clearance angle and the back-slope and side-slope angles 
of a tool are by no means among the most important elements in the 
design of cutting tools, their effect for good or evil upon the cutting 
speed and even upon the pressure required to remove the chip being 
much less than is ordinarily attributed to them. 

The clearance angle should have the following values: 

(A) For standard shop tools to be ground by a trained grinder or 


For cutting hard steel and cast iron, 
these tools are ground to the follow- 
ing angles; Clearance angle 6° back 
slope 8° side slope 14° 


For cutting medium steel andsoft 
steel, these tools are ground to the 
following angles; Clearance angle 
65 back slope 8° sideslope 22° 


Fic. 28.—Sharp tool for cutting medium 
and soft steel. 


on an automatic grinding machine, a clearance angle of 6 deg. 
should be used for all classes of roughing work. 

(B) In shops in which each machinist grinds his own tools a clear- 
ance angle of from 9 deg. to 12 deg. should be used. 

The latter recommendation is based on the fact that when the 
workmen grind their own tools they usually grind the clearance 
and lip angles without gages, merely by looking at the tool and guess- 
ing at the proper angles; and much less harm will be done by grinding 
clearance angles considerably larger than 6 deg. than by getting them 
considerably smaller. ’ 

(C) For standard tools to be used in a machine shop for cutting 
metals of average quality: Tools for cutting cast-iron and the harder 


— 


steels, beginning with a low limit of hardness, of about carbon .45 
per cent., say, with 100,000 lbs. tensile strength and 18 per cent. 
stretch, should be ground with a clearance angle of 6 deg., back 
slope 8 deg., and side slope 14 deg., giving a lip angle of 68 deg. 

(D) For cutting steels softer than, say, carbon -45 per cent. having 
about 100,000 lbs. tensile strength and 18 per cent. stretch, tools 
should be ground with a clearance angle of 6 deg., back slope of 8 
deg., side slope of 22 deg., giving a lip angle of 61 deg. 

(Z) For shops in which chilled iron is cut a lip angle of iron 86 
deg. to go deg. should be used. 

(Ff) In shops where work is mainly upon steel as hard or harder 
than tire steel, tools should be ground with a clearance angle of 6 
deg., back slope 5 deg., side slope 9 deg., giving a lip angle of 74 deg. 

(G) In shops working mainly upon extremely soft steels, say, 
_ carbon .ro per cent. to .15 per cent., it is probably economical to use 
tools with lip angles keener than 61 deg. 

(H) The most important consideration in choosing the lip angle 
is to make it sufficiently blunt to avoid the danger of crumbling or 
spalling at the cutting edge. 

(I) Tools ground with a lip angle of about 54 deg. cut softer 
qualities of steel, and also cast-iron, with the least pressure of the 
chip upon the tool. The pressure upon. the tool, however, is not the 
most important consideration in selecting the lip angle. 

(J) In choosing between side slope and back slope in order to grind 
a sufficiently acute lip angle, the following considerations, given in 
the order of their importance, call for a steep side slope and are op- 
posed toasteep back slope: (a@) Withsideslope the tool canbe ground 
many more times without weakening it; (b) the chipruns off sideways 
and does not strike the tool posts or clamps; (c) the pressure of the 
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chip tends to deflect the tool to one side, and a steep side slope 
tends to correct this by bringing the resultant line of pressure 
within the base of the tool; (d) easier to feed. 

(K) The following consideration calls for at least a certain amount 
of back slope: An absence of back slope tends to push the tool and 
the work apart, and therefore to cause a slightly irregular finish 
and a slight variation in the size of the work. 

Fig. 26 shows Mr. Taylor’s standard }-in. tool and Figs. 27 and 28 
show the dimensions of other sizes. 


Feed and Depth of Cut 


Following are Mr. Taylor’s conclusions regarding the relation 
between feed and depth of cut: 

(A) With any given depth of cut metal can be removed faster, 
i.e., more work can be done, by using the combination of a coarse 
feed with its accompanying slower speed than by using a fine feed 
with its accompanying higher speed. In most cases it is not practic- 
able for the operator to take the coarsest feeds, owing either to the 
lack of pulling power of the machine or the elasticity of the work. 
Therefore, the above rule is only, of course, a broad general 
statement. 

(B) The cutting speed is affected more by the thickness of the 
shaving than by the depth of the cut. A change in the thickness 
of the shaving has about three times as much effect on the cutting 
speed as a similar or proportional change in the depth of the cut has 
upon the cutting speed. Dividing the thickness of the shaving by 3 
increases the cutting speed 1.8 times, while dividing the length that 
the shaving bears on the cutting edge by 3 increases the cutting 
speed 1.27 times. 


TABLE 35.—TAYLOR’S CUTTING SPEEDS IN STEEL 


Standard 14-in. tool || Standard rin. tool || Standard 7-in. tool || Standard 34-in. tool || Standard 5é-in. tool !| Standard 44-in. tool 
Depth of | Feed, Grades of steel and cutting speeds, ft. per min., for tools to last 1 hr. 30 min. before regrinding 
eh i- i- Medi- Medi- Medi- 
esl | Sok | eA Hand | sort | Med | para |! Soft ae Hard || Soft |" °C" | Hard || Soft |" °°" | Hard || Soft | a4 | Hara 
Ww um. 
Aum eee Med Ve Secreta cost HI Pastey cue slic oraz Seueteil's:.s tapicwacitl [iscrsa:tor oc24| ate senctence| ace eames. cis eters te ston tell esene See 536 | 268.0}122.0 500 |250.0 |114.0 
yy PERO ors obscure. s'2 s.Se19 2s Wh Sel ies ele areal eg rae | MER ee wee a aes a | a 350 | 175.0] 79.6 316 |158.0 | 72.2 
Ags Ata lictsvorsta ele « tarnis illo mie es HI aero eal vee lcs couetes, ce ll (hase arora tenets, ctceatelll este hvecell lly causeh eveiarecocceate lots ators 229 | LI5.0| 52.1 199 |100.0 | 45.3 
464 | 533.0] 266.0 |121.0 || 490.0] 245.0 |111.0 || 477 | 238.0 |108.0 || 465 | 233.0|106.0 || 456 | 228.0/104.0 || 425 |218.0 | 99.0 
3 44. | 375.0| 188.0 | 85.2 || 340.0] 170.0 | 77.2 || 325 | 163.0 | 73.9 |} 302 | 156.0] 70.9 || 299 | 149.0] 67.9 || 275 |137.0 | 62.4 
340 Vie 264.0] 132.0 | 60.0 || 235.0] 118.0 | 53.5 222 | IIl.0 | 50.4 209 | 105.0] 47.6 195 07.7| 44.4 173 | 86.6 | 39.4 
342 215.0} 108.0 | 48.9 189.0] 94.6 | 43.0 177 88.3 | 40.2 165 82.8] 37.2 152 76.2] 34.6 132 | 66.1 | 30.0 
Léa 461.0] 231.0 |105.0 || 427.0] 214.0 | 97.2 420 | 210.0 | 95.5 413 | 207.0] 93.9 410 | 205.0] 93.1 396 |198.0 | 90.0 
42 325.0) 163.0 | 73.9 296.0] 148.0 | 67.3 286 | 143.0 | 65.1 277 | 139.0] 62.9 268 | 134.0| 60.9 250 2-9 56.8 
1 i{6 | 229.0] 115.0 | 52.1 || 205.0] 102.0 | 46.6 195 97-8 | 44.4 186 92.9] 42.2 175 87.6} 39.8 158 | 78.8 | 35.8 
342 186.0] 93.2 | 42.4 || 165.0} 82.5 | 37.5 156] 77.8 || 35.4 147 73.5| 33.4 137 68.4] 31.1 
1g 161.0] 80.6 | 36.7 £42 0\) 7.0.08 32.8 133 66027) |, 3073 123 61.6] 28.0 
Léa 377.0] 189.0 | 85.8 || 357.0] 179.0 | 81.2 352 | 176.0 | 80.1 350 | 175.0] 79.6 351 | I76.0] 79.9 350 |175.0 | 79.6 
10 265.0| 133.0 | 60.4 247.0] 124.0 | 56.2 240 | 120.0 | 54.6 235 | 118.0] 53.4 230.| EL5.0} 52.2 221 |II0.0 | 50.2 
3 V6 187.0] 93.6] 42.6 || 171.0] 85.6] 38.9 164. S27 0N es Tied 157 78.8] 35.8 ISI | 75.7| 34-4 
46 342 152.0| 76.2 | 34.7 138.0] 68.9 |] 31.3 130 65.2 | 20.7 125 62.4] 28.3 
1g 132.0] 65.9 | 30.0 119.0] 59.3 | 26.9 112 55-9 | 25.4 
3416 107.0] 53-7 | 24-4 95-4) 47.7 | 21.7 
Lé4 328.0] 164.0 | 74.6 314.0] 157.0 | 71.4 312 | 156.0 | 70.9 313 157.0) 71.2 310 160.0] 72.6 822 100.0) || 7363 
442 231.0] 116.0 | 52.5 218.0] 109.0 | 49.4 213 | 106.0 | 48.4 210 | 105.0] 47.8 209 | 105.0] 47-5 
1 M46 163)..0], 82.3 | 37.0 151.0) 75.3) 34.2 145 MeO) |) SOO. 141 O'.5|| 32/10 
ra 332 132-0|9F O02: ||) Sonat 121.0| 60.6 | 27.5 116 BO MeeOns | 
4g 114.0] 57.2 | 26.0 1040)" 52.0 | 23.7 | 
3416 OZ62 40,6 | 21.2 az & | 
Ya 270.0| 135.0 | 61.3 265.0] 133.0 | 60.3 265 | 132.0 | 60.1 269 | 135.0] 61.3 280 | 140.0] 63.6 
140 190.0} 95.1 | 43.2 183.0] 91.9 | 41.8 181 90.3 | 41.0 I81 90.4] 41.1 
38 146 134.0] 66.9 |] 30.4 127.0] 63.6] 28.9 123 61.6 | 28.0 
342, 109.0] 54.5 | 24.8 102.0) 572.2 | 23.3 
1g O4,2| “AZ.1 fo2t.4 . : 
Léa 236.0] 118.0 | 53.6 |} 234.0] 117.0 | 53.2 237 | 118.0 | 53.8 
y2 LS 166.0] 83.0 | 37.7 162.0] 80.9 | 36.8 162 80.8 | 36.7 
73 dl 117.0 8. 26.6 112.0). 55.9 || 25.4 
Ve 7 58.5 
340 95.2| 47.61 21.6 | 
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z in. t -in. tool 
: 1 || Standard Jé-in. tool || Standard %-in. tool || Standard 9¢-in. tool || Standard }4-in. t 
Standard 14-in. tool Standard I-in. too f min., for tools to last 1 hr. 30 min. before regrinding 
Grades of iron and cutting speeds, ft. per xf : ae Medi- | ,, 
Depth of | Feed - Medi- | Me Hard Soft Hard 
epth o (keh Medi- Medi- Hard || Soft Hard || Soft ar as 
A ee) Rea Soft Medi- | stard || Soft Es Hard || Soft | 4 a um | = 
10: um | , 
.0|/107.0 | 62.3 209.0 104.0 9 
a 1.0| 116.0 | 67.2 || 223.0] 112.0 | 65.2 || 218.0|109.0 | 63.6 a : i éco lt ue e e 
Léa 2520) 120.0 1 °73).'5 231. ' 86.0 | 50.2 165.0] 82.5 | 48.1 158.0) 78.9 : | 
% FTES ASO ec al | ea cad ol late ao 6 || 118.0] 58.9 | 34.4 |} 110.0] 54.9 | 32.0 99.2) 49.6 | 28.9 
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6 : c 2 ’ ’ : 
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; .0 : : , - - Z ) 
4 $42 | III.0] 55.4 | 32.3 ae sae see a sa eihasaa 74.4) 37-2 | 21.7 68.4) 34.2 | 20.0 61.2) 30.6 | 17-7 
: 2 8in2 5.1] 42. i 7 . . 
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6 . . . | | 
81.0) 90.7 | 52-9 
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(C) Expressed in mathematical terms, the cutting speed varies 
with the standard round-nosed tool approximately in inverse propor- 
tion to the square root of the thickness of the shaving or of the feed. 

(D) With the best modern high-speed tools, varying the feed and 
the depth of the cut causes the cutting speed to vary in practically 
the same ratio whether soft or hard metals are being cut. 

(Z) The same general formula expresses the laws for the effect 
of depth of cut and feed upon the speed, the constants only requiring 
to be changed. 

(F) The same general type of formula expresses the laws governing 
the effect of the feed and depth of cut upon the cutting speed when 
using the different sized standard tools. 

Tables 35 and 36 give Mr. Taylor’s determinations regarding 
depth of cut, feed and speed for high-speed steel tools: 

A study of Mr. Taylor’s and Prof. J. T. N icholson’s experiments, 
the latter made at the Manchester School of Technology, has led 
E. C. Hersert (Amer. Mach., June 24, 1909) to the discovery of a 
law by which apparent discrepancies between the experiments are 


reconciled. Mr, Herbert expresses his law, which he calls the cube 
law, thus: 


Since the maximum thickness of the chip is generally proportional 
to the feed or traverse, we will call 

¢= traverse, 

¢=depth of cut, 

a =area of the cut, and 
s=cutting speed. 

From what has been said above it follows that if hh, C1, G1, 5; repre- 
sent the values of these factors for any given working conditions, and 
te, C2, da, Sp represent their value for another set of working conditions, 
then the heating of the cutting edge and, by assumption, the dura- 
bility of the tool will remain unaltered so long as the relation 


£11515 = tyao598 


holds good. From which it follows that for constant durability of 
the cutting tool 


or, since a=tc, 
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The cube law may be most conveniently stated thus: 


ae gold ABs! 
The cutting speed varies mversely as the cube root of the product of : gow zs : = 70 
traverse by area of cut; or alternatively, the cutting speed varies inversely pod® a8 é : 
; | a) 
as the cube root of the product of depth of cut by traverse squared. cite ie cm Ke E d 
; In cutting cast-iron, the cube law as stated above is only applicable 4 ai es zl Fal vs =e ones 50 2 
in the case ot coarse feeds. When the feed is less than 3 in. the a= ach Abd ae A| 5 
thickness of the chip has very little influence on the speed, which 33 "i se al” 
varies inversely as the cube root of the area of cut approximately (aie : noe 
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A piece of cast-iron 2 ins. diameter is to be turned down to r3ins. diameter. Follow the line marked turning of the chart for 
cast-iron to its intersection with the 3-in. depth of cut line whence trace vertically to the bottom where read the feed 34.2 turns 
per in. and from the same point trace horizontally to the right where read the speed 52 ft. per min. 


Fic. 29.—Feeds and speeds in average practice. 


An examination of a large collection of data led StantEy H. Z 3 3 3 I 13 2 ins. 
Moore to construct Fig. 29 (Amer. Mach., Dec. 25, 1902) for the best 200 150 125 100 85 55 45 I.p.m, 
feed and speed values for various depths of cut, the term “‘bestfeed with petroleum as a lubricant. 
and speed” being understood to mean that combination that will Pontentiatosl aad wore 
remove a maximum amount of material when due consideration is 1 3 ue 


i 8 2 2 I 1} 2 ins. 
iven to economy and the time required for changing and grindin 5 : = 
ie tools ‘ c re : : 280 220 175 140 115 75 6 Tepe iy 
The use of the charts is explained by an example below them. with compound or screw-cutting oil. 


The speeds are for high-speed steel dies. Some users of the 
machines run at a much higher rate, the figures given being conserva- 
tive and easily attained. 

The Bignall & Keeler Mfg. Co., aims to have its pipe-threading 
machines run at a cutting speed of 15 ft.per min. They advise 
nothing but lard oil on the dies. 

The Standard Engineering Co. also recommends a cutting speed 


Speeds for Tapping and Threading 


Cutting speeds for tapping and threading, as followed in the shops 
named, are as follows (Amer. Mach., Aug. 3, 1911): 
By the F. E. Wells Co., for tapping cast-iron: 


z FA 1 5 Fs ; 
Me . ¢ Z 4 inch holes of 15 ft. per min. 
aa 255 Po 753 eat ah oe The number of teeth in milling cutters may be determined from 
using an oil or soda compound. Fig. 30, by W. G. Groocock, which gives the practice of the Woolwich 
For soft steel and iron: arsenal (Amer. Mach., Aug. 17, 1911). ‘The chart contains also lines 
1 3 i F ; ae for the lead of the spiral. Mr. Groocock’s practice is to use a 14-deg. 
‘ ‘ = s ne spiral on end and finishing mills and 20 to 25 deg. on roughing end and 
299 153 II5 QI 76 Ep. MM. 


slab mills, with an occasional slab mill of 30 deg. spiral and fewer teeth. 
using oil as a lubricant. Milling machine cutters of greatly increased pitch of teeth formed 
The National Machine Company uses 233 r.p.m. up to }in. the subject of extended tests by the Cincinnati Milling Machine Co., 
diameter and 140r.p.m. for sizes between ¢ and 3 in.,usingascrew- which were reported on by A. L. DeLrEuw (Trans. A. S. M. E. 
cutting oil as a lubricant. Vol. 33). The dimensions found most advantageous, as regards 
They tap holes as deep as four tap diameters by power. capacity and power consumption, are shown in Fig. 31. For the 
By the Landis Machine Co., for threading cast-iron in machines power consumption obtained in these tests, see Power Requirements 


of the bolt-cutter type: of Milling Machines. 
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Fic. 30.—Number of teeth in milling cutters. 
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Fic. 31.—Coarse pitch milling cutters, 
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The following particulars and tables relating to the properties 
and uses of cast-iron are extracted from the report of Dr. J. J. Porter, 
chairman of a committee of the American Foundrymen’s Association 
(Trans. A. F. A., Vol. 19). 

Cast-iron is a complex alloy of six or more elements. The common 
elements are: Iron, carbon, silicon, sulphur, phosphorus, manganese; 
and the other elements sometimes present are: Copper, nickel, 
oxygen, nitrogen, aluminum, titanium and vanadium. 

Carbon is the most important element in cast-iron. It exists in 
many forms, all of which are included under the two heads of graph- 
ite and combined carbon. The total carbon is dependent upon 
the temperature in the blast-furnace, the conditions of melting and 
the percentage of other metalloids. Graphite weakens iron. The 
amount depends upon the per cent. of total carbon, the rate of cool- 
ing, the per cent. of silicon, the per cent. of sulphur, and the per cent. 
of manganese. Combined carbon hardens iron and may increase 
or decrease the strength. The amount depends upon the per cent. 
silicon, the rate of cooling, the per cent. sulphur and the per cent. 
manganese. 

Silicon exists in cast-iron in the form of silicides. Its chief effects 
are through its action on the carbon. Increasing the silicon decreases 
the total carbon because it replaces carbon in the molten solution. 
Increasing the silicon increases the graphite because it replaces car- 
bon in the solid solution, the displaced carbon being precipitated as 
graphite. 

Phosphorus exists in cast-iron as the phosphide FesP which is 
insoluble in the solid iron-carbon solution. Phosphorus decreases 
the total carbon. According to Upton, the effect of phosphorus on 
carbon is to slightly increase graphite and decrease total carbon. 

Sulphur exists in cast-iron as iron sulphide and manganese sul- 

-phide. Iron sulphide forms a eutectic with iron melting at 1780 deg. 
Fahr. and insoluble in the solid iron-carbon solution. It therefore 
forms films between the iron crystals and causes brittleness. 

Manganese sulphide does not form these films and is less detri- 
mental. Manganese has a greater affinity than iron for sulphur and 
with enough manganese all the sulphur will be in combination with it. 

Sulphur has a greater tendency to segregate than any other con- 
stituent of cast-iron. This tendency is greatest with manganese 
sulphide. Sulphur tends to decrease graphite and increase combined 
carbon. 

The presence of silicon decreases the amount of sulphur which 
cast-iron can take up. Much sulphur reduces the total carbon, and 
vice versa. 

Manganese may exist in cast-iron as manganese sulphide or as 
manganese carbide. It tends to harden iron. It can neutralize 
sulphur and will also remove dissolved oxide at high temperatures, 
as in the blast-furnace. 

Traces of copper are common in pig iron. 
are poorly understood. Cast-iron will take up only about 5 per cent. 
copper and this does not affect the casting properties. Copper 
accentuates the red-shortness due to sulphur. Copper prevents a 
complete evolution of sulphur in iron analysis. 

Small amounts of nickel occur in many pig irons. Its effects on 
the strength and ductility of cast-iron are relatively unimportant. 

The strength of cast-iron is dependent upon nine factors: 1, per 
cent. of graphite; 2, size of graphite flakes; 3, per cent. of combined 
carbon; 4, size of primary crystals of solid solution, Fe-C-Si; 5, 
amount of dissolved oxide; 6, per cent. of phosphorus; 7, per cent. of 
sulphur; 8, per cent. of silicon; 9, per cent. of manganese. 


Its effects on cast-iron 


CAST-IRON 


The size of graphite flakes accounts for many cases of difference 
in strength of irons of the same composition. The factors influencing 
the size are very poorly understood. 

The effect of dissolved oxide is probably important. To reduce: 
oxide we may get the best brands of pig iron, avoid oxidizing con- 
ditions in the cupola, and use deoxidizing agents. 

Phosphorus lessens strength, particularly resistance to shock. 
One per cent. produces a marked effect. 

Sulphur may indirectly strengthen iron through decreasing the 
graphite, but is more likely to weaken it through causing blowholes 
and high shrinkage. 

Silicon and manganese act chiefly indirectly. Silicon should be 
kept as low as possible and still have the necessary softness. Man- 
ganese should be high, but if too high produces weakness. 

Of the elastic properties only toughness and elasticity are important 
in cast-iron. The sum of these properties is given by the deflection. 
The factors influencing them are about the same as those influencing 
strength. 

Maximum rigidity with the least sacrifice of strength and 
toughness is obtained through the use of manganese and combined 
carbon. 

Hardness is due both to combined carbon and gamma solid solution. 
The latter explains the cases of hard cast-iron which are yet low in 
combined carbon. 

Phosphorus has only a slight hardening effect. Manganese may 
soften iron through its action on the sulphur, but in larger amounts 
will harden it. Sulphur is an energetic hardening agent. Silicon 
softens iron due to its action in decreasing combined carbon up to a 
certain point. Beyond this point it hardens, due to its direct action. 
Combined carbon is the chief hardening agent in cast-iron. 

In chilled iron the factors influencing the depth and quality of the 
chill are, pouring temperature, and percentage of silicon, sulphur, 
phosphorus and total carbon. The higher the pouring temperature 
the deeper the chill. Sulphur causes a brittle chill and is undesirable. 
Phosphorus injures the strength of chill and causes a sharp line be- 
tween the white and gray portions. Manganese increases the hard- 
ness of the chill and its resistance to heat strains. 

The grain structure and porosity depend on the size and percentage 
of the graphite. The fusibility of cast-iron depends primarily on 
combined carbon, and to a less extent on the phosphorus. Graphite 
affects the melting-point only in so far as it dissolves in the iron at 
temperatures below the melting-point. 

Fluidity is determined by per cent. silicon; per cent. phosphorus, 
freedom from dissolved oxide and temperature above the freezing- 
point. 

The following Table 1 of classified castings is taken by Dr. Porter 
partly from published results but chiefly from replies to inquiries. 
Thickness is taken into consideration since this largely determines 
the percentage of silicon necessary, and it has been the aim to sub- 
divide the various classes according to section wherever possible. 
In this respect the endeavor has been to follow the definitions of the 
American Society for Testing Materials, who have grouped castings 
according to thickness as follows: 

“Castings having any section less than 3 in. thick shall be known 
as light castings. 

“Castings in which no section is less than 2 ins. thick shall be known 
as heavy castings. 

“Medium castings are those not included in the above def- 
nitions.” 
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TABLE 1.—CHEMICAL COMPOSITION OF IRON CASTINGS FOR VARIOUS PURPOSES 


The last analysis under each head is preceded by the word “Sug.” (abbreviated from suggested) and is the tentative standard or probable best 
Under is abbreviated by “und.” 


suggested by the committee. 


Silicon Sulphur Phos. 
Acip RESISTING CASTINGS: 
“FT. 00% .050% +50% 
"2.30 low 200s 
/.80-2.00 +. 02-.03 .40-.60 
und. .05 und. .40 


Sug. 1.00-2.00 


AGRICULTURAL MACHINERY, ORDINARY: 


2.20-2.80% und. .085 % und. 70% 
2.65 .050 oft 
Bu 2571 .070 -70 
2.10 068 oe} 
»2.00 ~ .089.; 89 


Sug. 2.00-2.50 _ .06-.08 


AGRICULTURAL MACHINERY, VERY THIN: 


2.900% 050% 85% 
: 2.50 .080 -65 
Sug. 2.25-2.75 .06-.08 70-.90 


Arr CYLINDERS: * : 
1.20-1.50% und. .00% .35-.60% 


1.90 074 -50 
Deak? 085 -40 
95 . 100 -30 
2.00 .070 +30 
Sug. r.00-1.75 und. .09 -30-.50 


AMMONIA CYLINDERS: 
I.20-1.90% und. .005 % und. .70% 
Sug. 1.00-1.75 und. .09 «30-.50 


ANNEALING Boxes, Pots AND PANS: 


1.20% 060 % -10% 
1.80 -03 +70. 
1.53 04 +33 
Sug. 1.40-1.60 und. .06 und. .20 
AUTOMOBILE CASTINGS: . 
1.80% -030% +50% 
Ir.65 -076 +45 
Anais 072 .60 
Sug. .1.75-2.25 und. .08 -40-.50 
AUTOMOBILE CYLINDERS: 
1.65% -076% +45 % 
2531 .004 -50 
2170) .053 -46 
2.45 -102 nye} 
2.59 083 +57 
ids 104 .82 
2.98 -047 89 
2.167 wLEE +73 
2.30 -084 81 
1.60 .083 -54 
3.26 -159 +93 
Ney fr) 001 -58 
1.67 -068 -44 
1.38 .003 .62 
1.47 .075 “iS 
I.50 -103 .86 
I.99 -130 .65 
1.89 -090 -70 
2.20 090 - 83 
Sug. I.75-2.00 und. .08 +40-.50 
AUTOMOBILE FLy-wueEgELs: 
2.35% -072% -60% 
Shits) -045 “aS 
Sug. 2.25-2.50 und. .07 +40-.50 
BaLts For Batt Mitts: 
I.00% -100% -30% 
Sug. I,00-1.25 und. .08 und. .20 


Mang. 


-41% 
I.00-2.00 
I.00-1.50 


und. .70% 
-70 
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Comb. Total 
carb. carb. 
3.00% 
3.60 
3.00-3.50 
3.00-3.50 
«15% 3.50% 
-30 3.50 
+47 3.42 
-50 3-39 
10% 3.50% 
+30 3.50. - 
-70% 3.50% 
80 3.40 
+40 
3-00-3.30 
3.00-3.30% 
2.900% 
-58 3-68 
low 
-60% 3-50% 
“55 
-40 
55% 
-51 3-35% 
+44. 3.02 
-41 3.47 
Saas aos 
-09 3.04 
14 3-10 
10 3.24 
+59 Sa38 
66 3.75 
+03 2.87 
-62 2.52 
62 3.62 
-76 3.61 
45 Bary 
+77 3.34 
90 4.16 


low 
low 


- a 


Silicon Sulphur Phos. Mang. 
BED PLATES: 
2.20% 090% -55% -50% 
i32 +090 -40 -60 
1.65 -28 -92 
1.85 -080 -60 “55 
1.80-2.20 .04-.06 -45--55 -40-.50 
1.65-1.85 .070 -65-.80 -60-.75 
Sug. 1.25-1.75 und. .10 «30-.50 -60—.80 
BoImLer CASTINGS: 
2.50% und. .07% und. .20% .80-1.0% 
CoS} .060 -62 -59 
Sug. 2.00-2.50 und. .06 und. .20 -60-1.0 
BRAKE SHOES: 
1.50% low 
2.00-2.50% und. .15% und. .7o% und. .70% 
2.00-2.50 und..15 und..7o und. .70 
I.40-1.80 .06—-.08 .50-.80 -45—.60 
1.86 .183 1.93 -33 
Sug. I.40-I.60 .o8—.10 -30 -50-.70 


Car CastTincs, Gray Iron. 
2.20-2.80% und. .085% und. .70% und. .70% 


¥.40-1.80 .06—.08 -50-.80° -45—.60 
2.45 -950 - 60, -75 
1.75 -070 -85 -60 
Sug. I.50-2.25 und. .o8 -40—-.60 -60—-.80 
Car WHEELS, CHILLED: 
+50-.70% .05-.07% .35-.45% .30-.50% 
-58—.68 -05-.08 -25-.45 -I5—.27 
<t3 .080 -43 -44 
86 -127 +35 -49 
+70 -08 -50 -40 
58 -I4t -38 -48 
-57 -Ior -4I -42 
-68 -188 -36 53 
-67 -170 -38 .8r 
-50-.60 .08-.I0 -30-.40 -45-.55 
Sug. .60-.70 .o8—-.10 -30-. 40 -50-.60 
Car WHEELS, UNCHILLED. See Wheels. 
CHILLED CASTINGS: ; 
-80-1.00% .00-.11% -50% 50% 
I,20-1.40 low 
I.00 08 ~40 -75 
¥.gS <IX7 -60 -54 
.50 +200 -45 I.50 
I.20 .090 +30 .50 
1.20 +080 +30 z.25 
+75 +090 +30 +30 
Sug. .75-1.25 -08-1.0 +20-.40 -8o-1.2 
CHILLs: 
2.07% -973 % +31% -48% 
Sug. 1.75-2.25 und. .07 +20-. 40 -60-1.0 
COLLARS AND COUPLINGS FOR SHAFTING: 
1.60% +040 % -55% -55% 
Sug. 1.75-2.00 und. .o08 -40-.50 -60-—.80 


CoTron MAcHINERY. See also Machinery Castings: 


2.20-2.30% und. .00% 70% 60% 
Sug. 2.00-2.25 und. 08 -60-.80 -60-.80 
CRUSHER Jaws: 
-80-1.00% -0O—. 15% -50% -50% 
I.00 080 +40 75 
-50 <20) -45 I.50 
Sug. .80-1.00 .08-.10 +20-.40 .80-1.2 


Comb. 
carb. 


«G2 % = 
-50 


-40-.50 


-40-.65% 
x. 22 


See also Brake Shoe and Car Wheels: 


-40-.65% 


-50-.75 % 
-63-1.0 
1.25 

-92 

-60 

+90 


+23% 


+30 % 


+45 % 


3.00% 


-§0-3.70 


* 


low 


3.50% 
3.02 
low 


3.50% 
3-50 


3-50% 


4.31 
3-47 
3.50 
3.63 


3.66 
3.50 


2.64% 


3-57% 


3-45 % 


3-25 % 
3.00 
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TABLE 1.—CHEMICAL CoMPOSITION OF Tron CASTINGS FOR VARIOUS Purposrs—(Continued) 


Silicon Sulphur Phos. Mang. Comb, 
> — carb. 
Cuttinc Toots, CHILLED CAst-1RON: 
1.35% 117% 60% -54% 65% 
Sug. 1.00-1.25 und. .08 -20-.40 60+. 80 
Digs For Drop Hammers: 
1.40% 060 % -10% -40% 
I.40 .090 - 40 -70 1.00% 
Sug. I.25-1.50 und. .07 und. .20 .60-.80 
DIAMOND POLISHING WHEELS: 
; 2.70% - 063 % -30% -44% 1.60% 
DyaNMo AND Motor FRAMEs, BasES AND SPIDERS, LARGE: 
1.95% -042 % -40% -39% -59% 
I.90 08 47 .60 64 
as 070 eit .60 .55 
2.10 .070 -55 -40 
Sug. 2.00-2.50 und. .08 -50—.80 +30-.40 -20-.30 
Dynamo AND Moror FRAMES, BASES AND SPIDERS, SMALL: 
3.19% -075 % -80% -35% .06% 
2.30 .070 -55 -40 
2.50 -070 BS -60 “55 
Sug. 2.50-3.00 und. .o08 .50-.80 30-.40 ~20—.30 
ELECTRICAL CASTINGS: 
3-19% -075 % -89% 35% 06% 
D505 -042 -40 -39 -59 
I.90 -080 -47 .60 64 
2.85 .070 os .60 a 
2.50 .070 75 -60 +55 
2.10 .070 55 -40 
2.30 .070 255. -40 
Sug. 2.00-3.00 und. .08 .50-.80 -30-.40 .20—.30 


“Eccentric Straps. See Locomotive Castings and Machinery Castings: 


ENGINE FRAMES. See also Machinery Castings: 


2.25% -080% -55% 60% 
1.60 .090 50 60 
B Gee 4 .I100 -40 .60 
Sug. 1.25-2.00 und. .09 .30—.50 .60-1.0 
FARM IMPLEMENTS: 
2.00% - 089 % -89% -46 % 50% 
2.10 .068 -68 -45 -47 
Sug. 2.00-2.50 .06—.08 .50-.80 .60-.80 
Fire Ports: 
2.50% und. .07% und. .20% .80-1.0% 
Sug. 2.00-2.50 und. .06 und. .20 .60-1.0 


FLY-WHEELS. 


2.20% .090% -55% -50% 
I.50 .090 50 .60 
Sug. 1.50-2.25 und. .08 .40-.60 .50-—.70 


FRICTION CLUTCHES: 


2.00-2.50% und. .15% und. .70% und. .70% 


Sug. 1.75-2.00 .08-.10 und. .30  %§0-<70 
FURNACE CASTINGS: 
2.50% und. .07% und. .20%~ .80-1.0% 
2.00 -085 -35 -53 
1.85 .090 .70 .60 
Sug. 2.00-2.50 und. .06 und. .20 60-1.00 
Gas ENGINE CYLINDERS: 
1.45% -65% 
1.98 .0900% 84% 63 
image cELY .40 B35 1.40% 
I.00-1.25 .04-.08 .20—.40 70-.80 .60—.80 
Sug. r.00-1.75 und. .08 .20—.40 70-.90 
GEars, HEAvy: 
1.40% 060 % -10% -40% 
94 -150 43 Sse 1.47% 
1.60 .080 -40 .60 
Te50-1.075 .080 .40—.60 50-.70 
T,00-1 .25 .075 .40 80-1.0 
I.40-1.60 .04-.08 ~-g0=:50 40—.60 .50-.80 
Sug. 1.00-1.50 .08—-,T0 .30-.50 80-1.0 


See also Automobile Fly-wheels and Machinery Castings: 


Phos. 


-35-.60% 
.10 
.60 
69 

.40-,60 


1.42% 
.50 
.50-.70 


low 


+35 % 
und. .20 


+45 % 
.20-.40 


-44% 
-30 
.20—.30 


-08% 
-41 
29 
+43 
+44 
-30 


Mang. 


-50-.80% 
.40 
.60 
.58 

.70-.90 


90% 
TO) 
.60—. 80 


53% 
.60-1.0 


1.50% 
I.5-2.0 


-31% 
.60 
.80-1.0 


1.00% 
-42 
-45 
-43 

3-55 
.80 


Total a 
eae Silicon Sulphur 
Gears, MEpiIum: 
3.00% I.50-2.00% und. .08% 
1.90 .060 
2.36 .060 
I.90 .100 
Sug. 1.50-2.00 und. .09 
3.20% 
low Grars, SMALL: 
3.43 % 
2.00 . 100% 
2.977% Sug. 2.00-2.50 und. .08 
Grate Bars: 
3.82% 2.75% low 
3-79 2.00 .085 % 
3.80 Sug. 2.00-2.50 und. .06 
3.50 
low GRINDING MACHINERY, CHILLED CASTINGS FOR: 
50% . 200% 
Sug. .50-.75 StS )20) 
2.95% 
3.50 Guw CARRIAGES: 
3.95 -94% -050% 
low I.00 .050 
Sug. 1.00-1.25 und. .06 
2.95% Gun Iron: 
3.82 1.34% .003 % 
3.79 I.19 .055 
3.80 T53 .050 
3-95 -98 .06 
3.50 -30 
3-50 I.20 . 100 
low Sug. 1.00-1.25 und...06 


HANGERS FOR SHAFTING: 


-50-.80 


10% 
.09 
1.26 
.89 
+33 
aoe 
.70 
low 

und. .20 
-63 
.70 

und. .20 


62% 
.50-.70 


.65% 
.20-.30 


.39% 
+39 

.35-.50 
.40 
.30 
.50 

.30-.50 


1.60% .040 % 
Sug. I.50-2.00 und. .08 
HARDWARE, LIGHT: 
1.84% 
2.20 
25.50) 
3.39% 2.51 -II0% 
Zg2 2.70 .030 
2.50 und. .050 
2.00-2.25 .050 
Sug. 2.25-2.75 und. .08 
low Heat RESISTANT IRON: 
1.20% 060 % 
tT, 07 032 
Cals 086 
2.02 .070 
TSS .040 
2.07 .073 
1.80 .030 
as7s low 
low 2.50 und. .07 
T.76 075 
2.00 .030 
Sug. 1.25-2.50 und. .06 
HoLtow WARE: 
low 251% -110% 
Sug. 2.25-2.75 und. .08 
HOousINGS FOR ROLLING MILLs: 
3.74% I.00-1.25% .085% 
3.00-3.10 Sug. r.00-1.25 und. .08 
3.00-3.30 
HypRAuLiIc CYLINDERS, HEAvy: 
1.00% .050% 
.90 .136 
.80-1.50 ,07—. II 
3.50% I.12 085 
.95 .100 
very low at und. .08 
3.20-3.40 .90-1.20 .06—.08 
low Sug. .80-1.20 und, .I10 


.20-,40 


OO 


40% 
.29 
-41 
.29 


-48 
.60 


.80-1.0 
+79 


.60-1.00 


-41% 
.50-.70 


75% 
.80-1.0 


.60% 
+25 


70 

-90 

60 
.80-1.0 
.80-1.0 


Comb. 
carb, 


+55 % 


und. .30 


3.00% 


-63 % 


-93% 


-24% 
-40 


-43 % 
-13 
84 
.58 
-23 


.56 


und. .30 


24% 


rears 
.80-1.0 
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carb. 


3-75% 
3.83 


3-50% 


low 


3.00% 


2.90-3.10 
low 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


364 
TABLE 1-——CHEMICAL COMPOSITION oF IRON CA 
Comb. 
Silicon Sulphur Phos. Mang. carbs 
HyprRauLic CYLINDERS, MEDIUM: 
1.40% 060% -10% +40 % 
I.90 .074 -50 -65 
1.62 .08 -50 60 
Le75 '.070 40 55 -50% 
Sug. 1.20-1.60 und. .09 .30-.50 -70-.90 
Incot MoLps AND STOOLS: 
I.20% 060% -10% -40% 
1.67 -032 -09 +29 +43 % 
Sug. r.25-1.50 und. .06 und. .20 .60-1.0 
Locomotive CastiIncs, HEavy: 
1.40-2.00% und. .085% und. .60% und. .70% 
I.25-1.50 .06—.08  .40-.60 -45-.60 -50-.70% 
1.62 .098 -40 49 
Sug. 1.25-1.50 und. .08 +30-.50 -70—.90 
Locomotive CASTINGS, LIGHT: 
1.40-2.00% und. .085% und. .60% und. .70% 
I.50-2.00 .06-.08 .40-.60 -45-.60 -45-.55% 
Sug. 1.50-2.00 und. .08 -40-.60 .60-.80 
LocoMOTIVE CYLINDERS: 
I.25-1.75% und. .10% und. .90% 
I.40-2.00 und. .085 und. .60 und. .70% 
1.25-1.50 .06-.08 -40-.60 -45-.60 -50-.70% 
I.00-1.40 und. .I1 -40-.90 +40-.90 
I.41 092 -38 39 
iT. 50 .O6L +45 -78 
Sug. 1.00-1.50 .08-.10 -30-.50 80-1.0 
MAacHINERY CastTINGs, HEAvy: 
1.05% -110% -54% -35% +33 % 
85 +030 +35 +92 
.80-1.50 -030-.050 .35-.50 
-90-1.50 -09-1.2 -I5-.40 -20—.80 -I0—-.30 
1.85 .100 -50 .60 
1.30 090 -40 60 
1.85 .I20 .60 -45 
Ter: .100 50 .70 80 
Sug. 1.00-1.50 und. .10 +~30-.50 .80-1.0 
MaAcHINERY CastIncs, MEDIUM: 
1.83% -078 % -50% -31% +43 % 
225 .080 55, 60 
I.60 .060 -66 
220) .O71 -66 -49 
1.60 090 -50 .60 
2.10 .II0 -67 .50 
2.25 .060 -75 aks 
2.00 +100 +75 +50 305 
1.76 +075 .63 .79 .56 
2.00 .100 .50 50 .50 
2.35 .075 LAS .65 ae 
1.80 060 .80 -50 70 
2.06 .075 .78 47 
1.40 low .20 .40 
2.00 .030 ~70 
1.85 08 -60 50-.60 .50 
I.50-2.10 .08—-.09 -40-.80 20-.60 -10—. 40 
I.80-2.10 und. .00 -40-.90 40-.090 
Sug. 1.50-2.00 und. .09 .40-.60 60-. 80 
MaAcHINERY CastTINGs, LIGHT: 
2.04% 044% 58% 139% 132% 
2.25 080 +70 +50 20 
2.76 +037 aa .13 
2.49 .007 .90 42 
2.51 -084. .62 .6r 
2.50 .100 .60 70 
3.00 .060 .65 50 
2.40 .050 47 590 
2.85 064. .67 .65 
2.52 .062 .66 68 
3.15 -050 
2.50 +100 .70 Ge 
2.20-2.80 .06—.08 -60-.1.3 .20-.40 
Sug. 2.00-2.50 und. .08 .50—.70 .50-.70 


Total 
carb. 


low 


3.87% 


3-59% 


3-50% 


3.50% 


2.98% 


2.50-2.90 


3.50 


3-40-3.55 


3.65 
low 


2.93 % 


3.40-3.55 


3.50 
3.68 
3.60 


3-45 


3.25-3.50 


2.60-3.20 


84% 
»55 
. 66 
- 40 
46 
-50 
-50 


wWwWwwwww w 


3-40-3.55 


-I0-.60 3.00-3.60 


Silicon Sulphur 
ORNAMENTAL WORK: 
4.19% .080% 
2.51 .II0 
2.25 
Sug. 2.25-2.75 und. .08 


PERMANENT MOLDs: 
2.15% -086% 
2.02 .070 

Sug. 2.00-2.75 und. .07 


PERMANENT MOLD CASTINGs: 


2.00-3.00% 


Sug. 1.50-3.00 und. .06% 
PIANO PLATES: 

2.00% low 
Sug. 2.00-2.25 und. .07 
PiLtow BLocks: 

1.60% -040% 
Sug. 1.50-1.75 und. .08 
PIPE: 

2.00% .060% 

2.00 .060 
Sug. 1.50-2.00 und. .10 
Pipe FITTINGS: 

2.88% 

I.70 .058 

2.55 -I1I0 
Sug. 1.75-2.50 und. .08 


Phos. 


1.24% 
-62 
-60—.90 
-60-1.0 


1.26% 
.89 


-20-.40 


-40% 
.40—.60 


-55% 
-40-.50 


60% 
I.00 
-50—-.80 


-41% 

.50 

-62 
.50—.80 


STINGS FOR VARIOUS Purposrs—(Continued) 


Mang. 


-67%- 
-41 


-50-.70 


-41% 
.29 
E 1.0 


und. .40% 


-60% 
.60—.80 


-55% 
-60—.80 


-60% 
.60 
.60-—.80 


I.10% 
-73 
-41 

.60—.80 


Pipe FITTINGS FOR SUPERHEATED STEAM LINES: 


1.72% 
I.40-1.60 
Sug. I.50-1.75 


Piston RINGs: 
1.35% 
1.60 
I.50-2.00 


Sug. 1.50-2.00 


-085% 
-06—.090 
und. 08 


-08% 
.06—.08 
und. .08 


Piow Points, CHILLED: 


I.20-1.40% 


1.20 .000 % 
75 .000 

I.20 .080 
Sug. .75-1.25 und. .o8 
PROPELLER WHEELS: 

I.15% 

1.40 low 
Sug. 1.00-1.75 und. .10% 
PuLLEys, Heavy: 

1.75% +040 % 

2.40 .060 
Sug. 1.75-2.25 und. .oo 


PuLLEys, LicutT: 


2.20-2.80% und. .08% 


2.40 
2.72 
2.52 
3-35 
2.25 
a.xs 
Sug. 2.25-2.75 


Pumps, Hanp: 


und. .o8 
.040 
-O75 
.0890 
.040 
080 

und. .08 


2.30-2.75% und. .08% 


Sug. 2.00-2,25 


RADIATORS: 
2.15% 
2.45 

Sug. 2.00-2.25 


und. .o8 


low 
104% 
und. .08 


RAILROAD CASTINGS: 
2.20-2.80% und. .08% 


I.40-1.80 
ay2s 
1.75 


Sug. 1.50-2.25 


.06-.08 
.050 
.070 

und, .08 


-80% 
-20—.40 
-20-.40 


-70 
-55 
-70 

-60—.80 


.60-1.0% 
.60—. 80 


80% 
-44 
-60—.80 


und. .70% 
.50—. 80 


-48% 
-45-.75 
-70-.90 


-40% 
-35 


.40 
.50-.70 


und. .70% 
-45-—.60 


Comb. Total 
carb. carb. 
03% 2.88% 
-24 3-18 

mE he 4 3.30% 

84 3.60 
3.00-4.00% 
«30% 3.50% 

1.16 4.18 
24 3.18 
-1I7% 2.45% 

3.00-3.2§ 
low 
.60% 

-45—--55 3-50 
low 
low 

1.20 3.20% 

3.00 3.20 
3.50 

60% 
low 
30 % 3.57% 
3-75 
3-37 % 
3.42 
+30 3.57 
+40 3-S5 
50% 3.50% 
-35 3.40 
-50—.60 
-40-.65% 3.50% 


CAST-IRON 365 
TaBLeE 1—CHEMICAL ComposiTION oF IRON CASTINGS FOR VARIOUS PurPosres—(Continued) 
Silicon Sulphur Phos. Mang. ae oe Silicon Sulphur Phos. Mang. Ran Bi 
Ro its, CHILLED: md STEAM CYLINDERS, MEDIUM—(Continued): 
-50-1.00% .O01I-.06% 20-.80% .I5-1.5% 2.60-3.25% 2.00 .070 -30 .60 
-80 -100 88 -16 -OL 2.84% 1.50 .070 75 70 3.50 
+71 -058 54 -39 1.38 3.00 1.59 . 109 .60 .38 3.34 
-65 -050 +25 I.50 -63 3.50 1.86 20 55 52 
Sug. .60—.80 .06—.08 20-.40 I.O-1.2 3.00-3.25 1.90 -074 50 505 
Rotts, UNCHILLED (SAND CAST): 5 1.56 +061 +45 -78 
575% 030 % 25% 66% 1.20% 4.10% ug. I.25-1.75 und. .09  .30-. 50 -70—.90 
SCALES: STOVE PLATE: 
1.67% 1.92% 1.90% gaa 7 +73 % 1.40% 
2.12 : .61 : .80 ; 2.59 +072% 62 +37 -35% 3.30% 
I.70 .63 r.60 3.19 +084 I.16 -38 +33 3.41 
_ Sug. 2.00-2.30 und. .08  .60-1.0 .50-.70 Zl 008 SAS) -80 +18 3.38 
2.79 077 I.40 32 .20 3.22 
Siac Car CAsTINGs: 2050 IIo 62 -4I -24 3.18 
1.76% .075 % -63 % +79 % -56% 3-68 % 2.76 O71 63 63 oT 3.50 
2.00 .030 -70 2.76 - 084 65 +54 
Sug. 1.75-2.00 und. .07 und. .30 -70—.90 2.50 060 1.00 -60 
Som, Prez AND Firtincs: 2.60 5050 -60 -60 
2.00% 060 % 1.00% -60% 2.50-3.00 und. .10 60-.80 -40—.60 3-00-4.00 
Sagx 952.95  und.-09 50-.80 (aes Sug. 2.25-2.75 und. .08 60-.90 .60—. 80 
. VALVES, LARGE: 
Steam CyLInDERS, HEAvy: ee 
r6AL% 092% 38% 5% I.20-1.50% und. .00% .35-.60% .50-.80% 
-95 . 100 +30 -90 .80% 3.40% ape 3509 a a 60% 
ni -.136 3 5 5 ; ‘ i s 
: om ae arn : ne ee : a Sug. I1.25-1.75 und. .09 20-.40 80-1.0 
I.35-1.50 .080 50 Ay hs 3.65 VALVES, SMALL: 
I.30-1.40 -04-.08 -40-.50 -70-—.80 -70-.80 3.00-3.20 1.70% 058 % -50% -74% 1.16% 4.18% 
.90-1.20 .09—-.12 -20-.40 -70-—.90 und. 3.50 PII} .075 .67 .67 
Sug. r.00-1.25 und. .r1ro -20-.40 -80-1.0 low Sug. 1.75-2.25 und. .08 30-.50 60-. 80 low 
STEAM CYLINDERS, MEDIUM: WATER HEATERS: 
; 1.66% -065 % -70% -90% 2.15% 050% -40% -50% 
1.60 063 ek i .85 Sug. 2.00-2.25 und. .08 30-.50 60-.80 
1.70 -070 us he Ae WHEELS, LARGE: 
Bore Tu aoe ie . SOA 2.10% .040 % 40% +70 % 
oh Re -085 athe OU Sug. 1.50-2.00 und. .09 30-.40 60-.80 
I.50-2.00 und. .08 +35-.60 .50-.80 
1.40-1.60 und. .09 -40-.90 -40—.90 WHEELS, SMALL: 
1.50-1.65 .080 .60 .60-.70 2.10% -050% -40% 50% 
I.50-1.80 .070 -43 -76 1.60 .083 .60 -39 
1.85 -080 -60 -50-.60 -50% 3.25-3.59 Sug. 1.75-2.00 und. .08 40-.50 50-.70 
2.75 .100 -65 ai3 3.40-3.55 
1.32 .136 -43 +33 99 3.30 WHITE IRON CASTINGS: 
ke, : 085 -40 .70 -70 3.50 -50% 150% -20% -17% 2.90% 
2.00 .100 .50 -70 -40 3.50 .90 .250 .70 .50 2.50 
TABLE 2.—TESTS OF MALLEABLE CASTINGS Compression Tests 
Tension Tests ; bon Compressive Le 
: F A : en 
Tensile Elongation | Reduction Section Area nike strength, AR 
Section Area | strength, lbs.| in 8 ins., area, ; Ibs. per sq. in. 
per sq. in. per cent. per cent. : 
Round.......-. -793 43100 70 3-75 NOUN seeks neh 835 15 32050 883 
FROUNG ctor sayeins-™ 817 43000 5.87 4.76 ROUNCiaaee ere .847 15 31700 .QOI 
Round .......%; . 801 43400 6.21 3.98 Own ees 801 15 33240 886 
EVGA afer shctsie ele 2 II30 7.70 3.40 
Round d gs 6 Rounden ics: 213 7.5 33300 +222 
ROUT reper ate.seie . 202 44700 13.00 3.63 
R d 210 43050 5 80 3 52 Round SOMIREDEOn 2090 7.5 32000 .221 
OUNG......-.- . Round esc 204 7.5 34600 225 
Square . .277 36700 4.70 2.00 
Square.......- -277 38100 3.72 3-00 Saiare meme: 282 | 7.5 32580 .2Q1 
Square . 283 37520 4.21 2.71 Squares, semacer . 263 7.5 33200 272 
Square I.040 38460 4.10 3.30 Square 0254 31870 278 
Square 1.030 38000 T05 2.88 
Square 1.050 378600 2.38 2.94 Square 1.051 15 29650 1.070 
8 Square 1.040 15 30450 | 1.066 
Rect. ooh, see Toe 3.87 SEP Square 1.048 | 15 29790 +| 1.070 
RECtrers care wl ai2 to 37250 3.22 4.70 | 
Star...........|  .584 34600 pias Fite Star sie eis 453 15 31900 .465 
Star 5 6o pees 360500 7.20 2.50 Star 436 15 32200 .448 
Star 57/5 37200 4.80 3.50 Star i 457. 15 _ 30400, | 467 
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Malleable Castings 


Malleable castings, made by the Buhl Malleable Co., were coe 
and reported on by C. M. Day (Amer. Mach., Apr. 5, 1906) an fee 
the report the following facts are taken. Tensile and ee : 
tests were made on round, square, rectangular, and cruciform oe 
tions. The rounds were of $ and 1 in. diameters, the squares of 3 
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fact that the iron casts better in round sections or that the br, 
skin of a malleable casting is not its strongest part. Every one = 
round bars showed a perfect fracture, with a good skin and a smoo! 

velvety interior. It is generally thought that malleable iron does 
not cast well in round sections and that a section with narrow ribs 
is the strongest possible section. This is why the star-shaped section 
was made to test. In only one of the star pieces did the fracture 
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Compression tests, 


Frc. 1.—Stress-strain diagrams of malleable castings. 


and 1 in. sides, the rectangles 3x3 
wide with 4 ribs Zin. thick. Ther 

Mr Day makes the following com 
that the round section gave the bes 
z-in. sizes, as well as in both tens 
round section, besides having a gr 
greater elongation and reduction i 


in., while the crosses were I in, 
esults are given in Table 2. 

ments on the tests: It was found 
t results both in the r-in. and the 
ion and compression tests. The 
eater tensile strength, also had a 
n area. This may be due to the 


show up well. In the others there were signs of shrinkage. It 
seems rather strange that these results were quite the reverse from 
what were expected; the round section being the strongest, next the 
Square, then the rectangular section, and lastly the star; varying 
inversely as the perimeter exposed. 


Fig. 1 gives representative stress strain diagrams from the 
tests, 
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“ fee a bie ee must be neither “over” nor “under” annealed. 
: “They must have received their full heat in the oven at least 60 hours 
after reaching that temperature, and shall not be dumped until they _ 
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STEEL 


For steel for springs, see also Springs. 

For steel for boilers, see Steam Boilers. 

A list of heat treatments will be found at the end of the section. 

The composition and physical properties of steel for a large variety 
of purposes are given in Table 1 of representative specifications by 
C. A. Tuprer (Amer. Mach., Mar. 24, 1910). The table is the 
result of an inquiry extending through two years of time into the 
practice of many of the largest machinery building and structural 
work companies and has been submitted to a number of large users 
and manufacturers of steel, including engineers and chemists. It 
represents advanced practice. 

With the table Mr. Tupper makes some observations on the trend 
of practice in these matters from which the following extracts are 
taken: 

For carbon-steel masses of considerable weight rotating at great 
speed, such as the body of the spindle of a horizontal steam turbine 
running up to, say, 3600 r.p.m., metal of high endurance, having a 
tensile strength of 85,000 to 100,000 lbs. and an elastic limit of 
55,000 to 70,000 lbs. is now required, with elongation in 2 ins. of 25 
to 30 per cent., contraction 40 to 48 per cent. The same is also true 
of other rotating elements turning at much slower speed but subjected, 
at the same time, to heavy pressure or resistance, such as the runner 
of a hydraulic turbine or the impeller of a centrifugal pump. 

For pumping engines the conclusions of manufacturers and engi- 
neers vary, some being of the judgment that an ultimate tensile 

_ Strength of 55,000 to 60,000 lbs. is ample, though an elastic limit of 
at least 30,000 to 40,000 lbs. is required. Elongation in 2 ins. (the 
present tendency apparently being to adhere to that standard) of 
20 to 28 per cent. and contraction of 35 to 45 per cent. between 25 
and 35 per cent., being considered satisfactory, are allowed for under 
these conditions. Sulphur and phosphorus should not exceed 05 
per cent. each, and some users place .o2 to .03 per cent. as the limit. 

In the purchase of steel billets, manufacturers find, as a matter of 
shop economy, that it is advisable to carry, as far as possible, stocks 
of generally suitable characteristics, rather than divide specifications. 

As to the carbon content, the grade of billet best adapted to engines 
or other machinery having a reciprocating motion, where no excessive 
strains or stresses are likely to be set up, should run from 2 5 to 33 
points. These can be machined to better advantage than the s5o0- 
point carbon steel often recommended. In annealing, such steel is 
customarily heated to from 1650 to 1800 deg. Fahr. for 10 to 12 hours, 
and allowed to cool very slowly. A higher temperature of heating 
is permissible, but not above the extreme limit reached in forging 
and most manufacturers fear to go above 1850 deg. Fahr. For the 
greater tensile strengths required in the operation of such machinery, 
up to, say, 70,000 lbs., the use of 33- to 35-point carbon steel is to 
be recommended. 

It should be recognized that overheating is more injurious to high- 
carbon steel than to low; also, that if the reduction in hammering 
or pressing has been great enough so that the coarsening of the grain 
at the high temperature to which the steel has been heated prior to 
such hammering or pressing has been well effaced, the harm of over- 
heating increases not only with the distance above the final point 
of recalescence to which the temperature is raised, but also in direct 
ratio to the percentage of carbon. Steel that has become danger- 


ously crystalline may—in many cases, at least—be restored to 
specification conditions, or better, 


but the necessity for this ought to 
For less particular service, such 


by reheating and manipulation; 
be avoided just as far as possible. 
as ordinary shop machinery, the 


usual stock billets of 15- to 25-point carbon, having a tensile strength 
of about 55,000 lbs., elastic limit practically negligible, and purchased 
with no more than ordinary physical or chemical requirements, are 
regarded as sufficient for all purposes. 

For special machinery parts subject to excessive wear, such as 
crank pins, valves, compression rods, table clutches, return cranks, 
etc., a carbon content of at least 50 to 55 points is needed. Such 
forgings, or even castings, should also show an ultimate tensile strength 
of at least 75,000 Ibs., if not annealed, and a minimum of 65,000 to 
75,000 lbs. if thoroughly annealed, with elastic limit, elongation and 
contraction correspondingly high. 

For carbon-steel shafts and axles subjected to heavy strains (the 
tendency now being, however, to use some special alloy such as vana- 
dium) the requirements of machinery and truck builders vary con- 
siderably, but a content of .35 to .45 per cent. carbon, manganesé not 
above .45 to .50 per cent., silicon .o5 per cent., sulphur not to exceed 
-03 per cent. and phosphorus within .o4 per cent. are considered safe. 
In actual manufacturing, where such steel is used, these standards 
have not heretofore been very generally realized, but the increasing 
frequency of accidents and breakdowns, under the severe require- 
ments of modern power, mill and traction service, is compelling 
builders to draw the lines tighter and tighter. 

It should be remembered, however, that the greater the percentage 
of carbon in billets, the higher is the temperature required in forging— 
not less than 1650 deg. Fahr. for high-carbon steel; hence costs may 
be kept down by using billets as low in carbon as the requirements 
of the finished product will permit. 

The selection of the proper steel for crank pins has always been a 
vexed question, particularly where such parts are subjected to heavy 
stresses and the force of sudden shocks—as in the case of a reversing 
engine for rolling-mill service, when the rolls bite the ingot. 45- 
to 55-point carbon steel, with tensile strength of 75,000 Ibs. will 
meet ordinary requirements of heavy duty, but for continuously 
severe operating conditions, as in the instance above cited, a special 
alloy steel such as chrome vanadium of high tensile strength and great 
toughnessis desirable. An example of this will be found in the accom- 
panying table. 

For large traveling cranes a leading builder states that the grade 
of castings best suited to his requirements is of open-hearth steel, 
having an ultimate tensile strength between 66,000 and 68,000 Ibs., 
elastic limit of 33,000 to 35,000 lbs., and chemical content of .24 per 
cent. carbon, .48 per cent. manganese, .20 per cent. silicon, .o6 per 
cent. phosphorus, and .o4 per cent. sulphur. Steel for truck wheels 
carries .03 per cent. carbon, .59 per cent. manganese, .63 per cent. 
silicon, .454 per cent. phosphorus and .152 per cent. sulphur; truck- 
wheel tires .44 per cent. carbon, .78 per cent. manganese, .28 per 
cent. silicon, .38 per cent. phosphorus and .o48 per cent. sulphur. 
The figures given are taken from actual tests of steel that, all things 
considered, has proved most satisfactory. For pinions, armature 
shafts, truck axles, etc., a rolled open-hearth steel, 30 to 35 points 
carbon is used, and, for the cross shafts on the crane bridges, turned 
and ground shafting that runs high in carbon. The steel and other 
metal used in the construction of the crane-motors is such as electrical 
manufacturers employ in building high-grade motors for heavy duty. 

Some years ago attention was directed, by tests of the new armor 
plate made for naval vessels, to the great tensile strength, toughness 
and ductility of the then little-known nickel steel. Experiments 
with shafts, axles, spindles and other parts of vehicles or machinery 
rotating at considerable speeds also showed that it possessed the 
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extremely valuable quality of resistance to fatigue, that it readily 
withstood shocks of all kinds as well as those of shell impact and that 
steel high in nickel was practically not subject to cracking or similar 
rupture. ” 

Forgings made from nickel steel have, in general, the same require- 
ments as those of ordinary carbon steel of the same class, with the 
addition of 2.5 to 3.5 per cent. nickel. This raises the ultimate 
strength anywhere from 10,000 to 80,000 Ibs: per. sq. in. (depending 
upon the other characteristics of the metal), and the elastic limit in 
proportion, without sacrificing the ductility. In fact, the last-named 
is usually increased. 

The proportions of nickel commercially usable in large forgings 
intended for machinery parts are limited by a curious property of 
the metal, viz., that its mixture in high-carbon steel up to and beyond 
a certain percentage increases the hardness of the steel. Between 
these two points there is a small range, the working limits of which 
are about as stated above, in which nickel steel can be machined to 
the best advantage. For low-carbon nickel steel the range is some- 
what greater, and it can be easily worked cold with nickel under 
3 to 5.5 per cent. 

Specifications for small forgings, which are subsequently to be 
reduced by grinding, may call for as much nickel as is desirable. 
Steel can be forged readily, without regard to its nickel content. 

Nickel-steel forgings, also, do not ordinarily need annealing, 
except where the latter is intended to be carried to the tempering 
stage, as there is already sufficeint homogeneity in the structure. 

Allowing, however, for the truth of all that has been said above, 
it is a fact indicative of the rate of modern progress that for many 
purposes nickel steel has already had its day, and the addition or 
substituiton of other alloys, to form such combinations as chrome 
nickel, nickel vanadium and chrome vanadium steels, has become 
general. Vanadium has an even more favorable effect than nickel 
alone and increases the ductility and toughness of the steel containing 
it. This is now used for engine, locomotive and automobile parts, 
as well as in bridges, viaducts or other structures where there is 
much vibration. Chrome-nickel enters similarly into the composi- 

_tion of machinery steel. Titanium appears to give results even 
better than those mentioned (although this is not generally con- 
ceded) and at the same time does not appear in the finished pro- 
duct. It apparently acts as a scavenger to remove impurities. 

Advocacy of vanadium steel is particularly strong at present 
among the expert metallurgists employed by machinery builders. 

A chrome-nickel, chrome-vanadium, chrome-nickel-vanadium or 
other special alloy steel used for the rotating parts of extremely 
compact high-speed machinery is ordinarily required to have an 
ultimate tensile strength of about 120,000 lbs., with elongation of 
16 to 30 per cent. in 2 ins. and the extremely high elastic limit of 
100,000 Ibs. Where such machinery is subjected to extraordinary 
stresses, however, the tensile strength may run as high on test as 
165,000 to 175,000 lbs., with elastic limit very little under these 
figures and elongation up to 32 per cent. or beyond. 

In the forging of these alloyed steels, much more than in their 
machining, special skill is usually required, particularly when they 
are high in silicon; and the temperature must be maintained at above 
200 to 250 deg. Fahr. under the melting-point, thus necessitating, 
with a large piece, several reheatings, it being a well-recognized fact 
that forgings made at a temperature just above the final recalescence 
point are always strongest. A small variation in the proportioning 
of the alloys makes considerable difference in forging conditions; 
hence machinery builders find it necessary to check their specifica- 
tions very closely with the results of actual tests in the shop, before 
arbitrarily demanding this or that from the steel manufacturers. 
Failure to proceed very cautiously on that basis has, not infrequently, 
led to heavy losses. 

Heat treatment of steel in the shop—and there is nothing which 
will be more likely to influence specifications in future—comes under 
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two heads: annealing and tempering. The former, only, will be 
considered here, and without further reference to tool steel, which 
is a subject quite by itself. 

Until very recently, annealing has not been given by builders of 
high-speed or heavy machinery the attention it deserves, and, even 
to-day, the art is practised to a far less extent than the average 
reader probably supposes. 

By the annealing of steel before it leaves the mills, a uniformity 
of structure is given to billets which does much to relieve or prevent 
subsequent internal strains; and re-annealing of ordinary carbon 
steels in the shop, after forging or machining, is, as a rule highly 
desirable, for the reason that, at each of the three periods of recales- 
cence or “‘absorption”’ in heating and cooling (i.e., six periods both 
ways) an actual re-arrangement of the molecules takes place while an 
increase in temperature is temporarily arrested, and such disturbance 
as there may have been of the physical structure of the piece, tending 
to crystallization, gives way to a restoration of the desired conditions. 

In annealing, furnaces especially designed for the purpose, and 
preferably gas-fired, should be provided. The too prevalent tendency 
among machinery builders who do their own forging, to use an ordi- 
ary forge fire in annealing, leads to some pernicious results—results 
which, nevertheless, have to be taken into account in the preparation 
of specifications. 

A slow raising of the temperature to the final point of recalescence, 
with careful observation by means of a pyrometer, and even slower 
cooling, are essential to good practice. 

Chemical analysis, which originally met with so much opposition 
when introduced in metal-working plants, has been swung to the 
other extreme, so much so that undue reliance has, of late, been placed 
upon it in many quarters. Chemistry, property applied, is, of course, 
essential in determining the characteristics of steel; but it does not 
take the place of physical tests, and microscopic, or photo-micro- 
scopic apparatus will determine things that are altogether outside 
the range of chemistry. 

In testing, the appearance of a crystalline fracture, or any trace of 
crystallization, should be sufficient to at once cause the rejection of 
a forging, if annealed steel is required; but for unannealed forgings 
crystalline fractures may be regarded as normal if the steel is high 
in carbon. A circumstance to be here observed, and one often over- 
looked by machinery builders, is the fact that forgings made in custom 
shops will not be annealed in advance unless annealing is specified; 
also that they will not be physically tested unless such tests are asked 
for or they are purchased under definite physical specifications. In 
testing, a bar is ordinarily severed from an end having the iull diam- 
eter of the forging, the cut being made in an axial direction about 
half way of the radius, according to the U. S. Naval standard. 

Since the development of the so-called high-speed press, the 
forging of steel by means of continuous hydraulic pressure, rather 
than by the use of a steam hammer, has been coming more and more 
into favor among builders of machinery subjected to severe stresses, 
for the reason that it results in a more uniform, homogeneous and 
reliable product. 

No matter how powerful a steam hammer may be, the force of 
its blow is not ordinarily felt very far below the surface of a forging, 
and, even with the exercise of the greatest skill, the depth of com- 
pression forms a very irregular line around the center of the piece, 
leaving the interior far from solidified; whereas, with a press, the 
molecular structure of the forging is almost uniformly condensed, 
the compression being felt through its diameter. The press will also 
work very close to a shoulder, or even forge a squared up shoulder, 
thereby saving metal and time in machining. 

These facts are becoming so well recognized that the day of the 
large steam hammer is drawing to a close; henceforth, for heavy 
work, presses will be quite generally installed as new equipment is 
needed. They are mentioned here particularly on account of the 
influence which they are beginning to exert on specifications. 
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One of the effects, which does not come under any of the other 
headings here treated, is a reduction (for pressed forgings) of 40 to 50 
per cent. in the area of the initial section as compared with that 
which must be specified for hammered forgings. 

_ Steel that has been forged by pressure and subsequently annealed 
shows greater homogeneity than hammered forgings and greater 
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figures of a single analysis that is considered favorable; as it is prac- 
tically necessary for the steel manufacturer to have a certain amount 
of leeway in either direction, ‘We have learned,” says the super- 
intendent of one prominent crucible-steel plant, “that a chemical 
specification that permits of no leeway has usually been prepared 
by a novice. If we had no range to work on we would have to go 


TABLE 2.—PHYSICAL AND CHEMICAL CHARACTERISTICS OF STEEL FORGINGS FOR ENGINES OF THE U. S. Navy 


-NotE.—Class C forgings will not be tested unless there is reason to doubt that they are of a quality suitable for the purpose for which intended. ‘Tests, if 
required, shall be made at the expense of the contractor, and may be made at the point of delivery. 


Without a 
Maximum] showing 
Minimum | Minimum |Minimum percent- | cracks or 

a tensile elastic elonga- age of— |flaws must 

38 Material Treatment strength, limit, tion, cold bend Suitable uses 

<) lbs. per lbs. per | per cent. about an 

sq. in. Sean. in 2 ins. inner 
P. S. diameter 
of— 
H. G| Open-hearth Annealed and 95,000 65,000 21 mO5 |) OS) | Tim Bolts and studs for all moving parts of main engines, shaft 
nickel steel, oil-tempered. through couplings, main bearing caps, thrust bearing side rods, 
180°. main engine framing and moving parts of circulating 
pumps; connecting rods, caps and bolts; eccentric rods; 
2 main circulating pump engine working parts; piston rods; 
Open-hearth, Annealed. Oil- | suspension links and link blocks; valve stems. 

A either nickel | oil-termmpering 80,000 50,000 25 .05 05 | I in. Coupling bolts; crossheads and slippers; crank, thrust, 
or carbon optional. through | line, stern tube, tail, and propeller shafts; main bearing 
steel. 180°. cap bolts; outboard coupling; reverse arms and blocks; 

rotor shaft; thrust bearing side rods; turning engine worm; 
| d working parts, reversing gear; working parts, pumps. 

B | Open-hearth Annealed | 60,000 30,000 30 -05 | .05 | } in. Bearer bars; Curtis turbine shaft; engine columns and tie 
carbon steel. / through rods; H.p. relief valve stems; main steam valve stems; 

180°, main bearing cap bolts; piston rod nuts; piston valve 

followers; pipe flanges; rotor drum and wheel; stole-plate 

| wedges; swivel pins for crosshead; working levers and 
gears. 

C | Open-hearth Annealed SBLOOOT wMioccans carts. Cpe RL Oe ret ees I in. Gland for cylinder liners; small parts of eccentrics; uptake 
or Bessemer through and smoke-pipe forgings. 
steel. | 180°. 


TABLE 3.—PHYSICAL AND CHEMICAL CHARACTERISTICS OF STEEL CASTINGS FOR THE U. S. Navy 


Nore.—Class C castings will not be tested unless there are reasons to doubt that they are of a quality suitable for the purpose for which they are intended, 
Tests, if required, may be made at the building yard. The inspector will select a sufficient number of castings and have them crushed, bent, or broken, and note 


their behavior and the appearance of the fracture. 


se tepals Physical requirements 
composition - =o. 
eee Not over—! Minimum Minimum Minimum Minimum Bending test; Suitable uses 
ala a tensile yield elonga- reduction cold bend (not 
P. S. strength point tion of area less than) 
Lbs. per Lbs. per Per cent. in Per cent. 
sq. in. sq. in. 2 ins. 
Special .04 | .04 90,000 57,000 20 30 | 90 deg. about an 
inner diameter | 
of r in. 
A S05) 12595 80,000 35,000 17 20 90 deg. about an | Engine frame strongbacks; I.P. and L.P. pistons; pistons 
inner diameter | and followers for piston valves; reverse arms; separators; 
of 1 in. valve stem crosshead. 
i | 
B . 06 05 ae 30,000 22 25 120 deg. about an Boiler fittings; crosshead backing guide; cylinder and 
Minimum inner diameter | valve chest covers; engine bedplates; H.p. cylinder 
60,000 of 1 in. relief valves; I.P. and L.P. piston followers; main bear- 
ing caps and shoes; main steam valves; outboard coup- 
ling casing; pipe flanges; pipe flanges, slip joints, and 
safety and relief valves for superheated steam; piston 
rod and valve stem stuffing boxes; reducing valves; 
reverse shaft bearings; thrust horseshoes; valve stem 
guide and crosshead cap. 
€ . 06 OG yekeroasists Neks > De A PEMA CTE eee, A aiid ea l's0) 5. 0,47e"eVecdi'a: Sop) [ia 0: esl exe) 6 layer sees © Unimportant castings. 
i is to out of the business.’”? At the same time the exercise of too great 
elongation. It also has greater toughness, offers more resistance 


all manner of strains and has a higher elastic limit. 

It may be stated here also that, in all cases, permissible variations 
in the chemical analysis of steel, no matter for what purpose intended, 
should be given—rather than insisting upon strict adherence to the 


latitude in such matters should be carefully guarded against; and 
the proper relation both of chemical conditions and physical char- 
acteristics ought to be rigidly insisted upon where the character of 
the service demands it. 
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Table 2 gives the physical and chemical characteristics specified 
by the Bureau of Steam Engineering of the U. S. Navy Department 
for engine forgings. The specified treatment is as follows: 

All forgings shall be annealed as a final process, unless otherwise 
directed. All tempered forgings, if forged solid, and if more than 
5 ins. in diameter in any part of their lengths, not including collars, 
palms, or flanges, shall be bored through axially before tempering, 
and the bore shall be of sufficient size to enable the manufacturer 
to get the requisite tempering effect. Forgings, such as crank 
shafts, thrust shafts, etc., may, previous to tempering, be machined 
in a manner best calculated to insure that the tempering effect 
reaches the desired portions. In this case, the inspector will decide 
upon the location of the test pieces if they cannot be taken in the 
manner hereinafter described. All forgings shall be free from slag, 
cracks, blowholes, hard spots, sand, foreign substances, and all 
other defects affecting their value. 

Table 3 gives the physical and chemical characteristics of 
steel castings specified by the U. S. Navy Deparment. 

Steel for resisting shock should be of high carbon content. In the 
past the accepted dictum was that for this purpose a low carbon 
steel should be used, the idea being that low carbon steel is tough and 
able to stand punishment and that high carbon steel is brittle. The 
fallacy of this reasoning was first shown by experience with steam- 
hammer piston rods at the Crescent steel works about 1880 and 
the demonstration was made complete by the experience of rock- 
drill manufacturers. In rock drills low carbon steel was a complete 
failure, high carbon steel being found, early in the history of the 
industry, to be the only suitable material. 
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Looking back, with the superior wisdom that comes after the 


event, the traditional view now seems absurd. It is now clear that 
what is wanted is a material that will absorb and give back again 
the greatest number of ft.-lbs. of energy without change of form; 
that is, without passing its elastic limit. That is to say, the property 
wanted is resilience and not toughness. In other words, we should 
aim at the properties of a spring and not at those of a piece of lead, 
which is equivalent to saying that we want high and not low carbon 
steel, and, by the same token, the steel should be in the tempered and 
not the annealed condition. 

The properties of steels of various carbon percentages, as regards 
the elastic resilience, have not been studied with sufficient care to 


enable the exact composition most suitable for resisting shock to be © 


stated. Analogy would indicate that the composition most suitable 
for springs is the correct one for shock resistence, and the same remark 
applies to the heat treatment. At the same time, the author in his 
own experience with rock drills, made use of steel with carbon per- 
centage as high as 1.25 and with conspicious success. For a more 
complete discussion of this subject see Materials and Constructions 
for Resisting Shock. 


Steel for Cutting Tools 


The percentage of carbon suitable for carbon steel tools may be 
obtained from Table 4 (Amer. Mach., Nov.. 21, 1912). To some 
the carbon percentages will seem high but the table is the result of 
much investigation. 


TABLE 4.—CARBON PERCENTAGE IN CARBON STEEL Toors 


PATIL eta CLI Pearse Neca ear Me a, As ae Sh sa Suek veaceh. we & .70to .80 
EA DOM ESA Witty Yar Aeron chan an Gener <, 335 LOMESO 
NU GC TaDI Demeter een er eae ess Mc ae he cs #50 tO 05 
Axes of various shapes for cutting wood............. 1.00 t0 1.10 
Bo eat E PACS aye ha dct vv dewd sane esac 2EOtOL.20 
alll aan Inevnrieners, ocho gees ane ee enone abne wiean Ane .80 to .90 
RES ATV CLS WaeyevoreVissteet ies s ohaverh wef ovane hav .70 to .80 
[SERS LRU oie) acs we mceon Geese 3» 7.30°to, <70 
Meh euna dial fOrDOrES ccs ous couch ws essed. Tuto to 2.96 
Day UC erm Ae Oe Pehle cs sche cPaescs see tee <Beto .9O 
BES TUG. vase cy ee eae cr ZO tOm oo 
EY, CNBES Yo S.A an a .50to .65 
USI O82 05 oeRe oie 5. Gi a a oe hc I.00 to I.I0 
Bit, stone, channeling machine..................... 1.00 to 1.20 
Bie, for stone diling .. 2... 0.35.. +e. .s.. -70tO .90 
Blacksmith’s cold chisel................ .7Oto .80 
Blacksmith’s hammer.............. .7oto .80 
Blacksmith’sthot chisel. oo... cacy ds os dace ceeccc.. .80 to .90 
lee IMILe Wiesner et as ok oo cake ohkcs hoe: I.10 to I,20 
pladempocket knifeay, c.ats 2 occa. Ookec vee cee .90 to L.00 
Bee MUCAIGCE ome hin viuisssat ov cence, oc aca te I.10 to 1.20 
BC SIAC Pree s.r’ sh Sous avd shoe oekiecee, Oc, .80 to eh 
pede cable cutlery oes coce icwnivs cil vv deowoees PONE 
planking punch forifiles;............-..-.-6.. 4.2, Tao doacae 
Boulermaker’s snap .................... .60 to es 
Boilermaker’s beading tool.......... 70 to 8 
Bolt dies, cold heading ea: aA to ae 
Bolt machine plunger........ on to = 
Biiekgehisel emer. ete - 
NiSEDIES CR ret a - 
Bucket teeth for dredges........... . eee hie ee 
Buttoniset.)-....., . a eS oeee 
Par Pauishahe sw ehens as tesco as ai .60to .70 
Cabinet Ger... ie era. a: 
Gantydor eee. a... eee 


-90 tO I.00 


Cant hook. ..2.47.. Gctes 1 eee ee .80 to .90 
Cant-saw. filé.... consis 2.2) ose ee ee T.20 to 1.30 
Cape: chisel 9. 3c <2tsecee a ee .80 to .90 
Car and locomotive spring......................--. .90%0 1.26 
Cartridge shell ie...) 5.02.2 .0<. peel 1.20 to 1.30 
Cartridge shell punch. 2... .. 2. ee 1.20 to 1.30 
Carving kbdfe....08,.5-<1<4h nes soles pee 1.00 to 1.10 
Carving fork cou0ty swan serv ae eo ee -55 to .65 
Calking chisel. 192039.) .<5.0s-~ Scceus Jaleo ee . 90 
Center, lathes s.,00 0-8 fos saneeacr bene ee 1.00 to I. 10 
Channeling machine bit, stone...................... 1.00 to 1.20 
Chisel, blacksmith’s odldvccc...4. 6. cdc -7o to .80 
Chisel, chipping at s..svsswwet es Se .80 to .90 
Chisel, bricks cans seck oa ee .60to . 70 
Chisel, carpenter's sai. .; ecb oa 1.00 to 1.30 
Chisel, fle- cutting Wc. ca. swede asta I.totor = 
Chisel hott ee oe ee eee .80 to .00 
Chisel, machinist’s..... . O54 ns CNG Nw Ne ERG e OG an 
Chisel, railroad’ track \..6:& sh als bee cae .70 to 80 
Chisel, stone cutter’s..... ..5 vocdcvencccece deena 1.10 tO 1.20 
Chisel, wood-working.................. + oe ee ee ece «. F6OG UGEr mes 
Chuck Jaw; ceigaweduee eee .80 to .90 
SE ne .80 to .90 
Cleaver, butcher’s. .. . .80 to .90 
Cold-heading bolt die... ...0.dsaccaccceuelu ee .60 to .70 
Cold chisel, blacksmith’s..... .70 to "Bo 
Cold cutting die for metal......................... Ti TO. 20 i 20 
Cold-punching horseshoe die....................... 1.00 tO I.I0 
Cone, Bieycle..... ececc: 
Crosscut saw....... Eek Ns os 
: Sa ces. -90 tO I.00 
Crowbar tngang.icks eta eee 
Crucible machinery steel. ARE 
Reuctoeaanaeae Satis RA apie aoe a ~35'to, <. 5G 
Be Ale wid ge AO wo .80 to .90 


I.10 to 1.20 
.20 to 1.30 


ee 


a 


Cutter, glass 
Cutter, nail.. 


Cutting chew papenemne na. 


Sipiiaitel (alel ele! e (el eile|| ote 


seer ae 


TABLE 4.—CarBon PERCENTAGE IN CARBON STEEL Toors—(Continued) 


Cylinder, pneumatic hammer................. 


Die cold-heading for bolts................0..c0.0s 


Die, cartridge shell........... 


Die, leather cutting.......... 
Dewdrop hammier........... 


Wie horseshoe cold-punching......... 0.0... .cecccee 


Die, nail 


Die, shoe-upper cutting................. 
Die, silversmith’s, stamping....... 


Die, silver spoon, drop....... 


UDAS, UIPIRBENG DETERS osc St See a a 
orm WATeu CEA WIN Dales cyos, 5.8 < c Sis 6 ofecve aisle van aiela’ 
LUE, ODES BU Sie ps a 
ee 


Digging bar.. 

Drag saw. : 

_ Dredge packee festa, 
Drill, cruciform. . . 
Drill for drilling el ate 


Mer re ares se ee ec cece 


Drill, quarry... 
Drill, twist..... 


LDESIRAGIR, STE tee oe i ec eis 
RO LONETE ES Cette ae etn Civics inci he vis de S608 2 


Edge, scythe... : 
Expander roll for pies: 


| ayn et a ee 


Facing, anvil.. ; 
File, blanking Sach ite 


File, cutting chisel for... 0-0. soeeesseeeassssey 


Files in general.. 
Flat chisel.. ae 
Flatter, bisceaniih’s. 


mine cutter, boiler..-........ 


ORIG CUCM OD seer icy Suede 4 cqaite «oj 8 sate olan o 0/4, 000.0 


Playa eet e061 Nts, 5 oh 


Gang saw...... 


MPASSTEUECEDS o)eec cutee wae va as 
Glove die, leather..... nA Sere 


Glut or stone wedge....... 


CI) Ce Pe OMT IOC ET SEC ICME UCT et Yr Dic er 


Wael a 0.7 646,60 414) Syerond Br 6)'s) 


a due ice 6 eum eve) 6) 816) 610 sees) © 


Grabeceess. Se athOniee CL e 


~ Granite point... 
Grass hook... 
Gun barrel...... 


Gun-barrel reamer........... 


etecaiel a's Sid diel si g.dtb eres 6 6:8 


Hammer, blacksmith’s.....0....0.60+eeeseece ce deess 
Hammer, ball-peen «2.02. 208. os cess oss cetneee aes 


.20 to 
.10 to 
-I0 to 
.70 to 
. 80 to 
.Io to 
.1o to 
.80 to 


. 60 to 
.20 to 
-Io to 
.60 to 
.80 to 
.60 to 
.00 to 
.Io to 
.10 to 
-I0 to 
.60 to 
.70 to 
.10 to 
.80 to 
.00 to 
.30 to 
-go to 
.80 to 
.80 to 
.go to 
.70 to 
. 80 to 
.00 to 
.I0 to 
75 tO 
.I0 to 
.60 to 
.60 to 


00 to 
.0o to 
.70 to 


.70 to 
.20 to 
.I0 to 
.20 to 
.80 to 
.80 to 
.20 to 
.60 to 
-90 to 


.9o to 
.20 to 
.80 to 
.60 to 
a TOWLO 
.22 to 
.60 to 
.30 to 
.10 to 


.70 to 
.80 to 


Ls 
L. 
Ey. 
.85 
.9O0 
+20 
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TABLE 4.—CARBON PERCENTAGE IN CARBON SreEL Toors—(Continued) 
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A list of heat treatments will be found at the end of the section. 

By the term heat treatment is meant all those operations of heating 
and cooling to produce or develop certain definite properties which 
are desired. Broadly speaking, it could refer to all the heating con- 
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ditions to which steel is subjected in the course of its manuiacture to 
the finished article. The term is of comparatively recent origin, 
although the processes involved, annealing, hardening and tempering 
have been practised for centuries, with varying degrees of precision. 
The lead pot and the temper colors were in regular use over a century 
ago. The modern conception of heat treatment dates from about 
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1885, and is coincident with the electric pyrometer and the applica- 
tion of the microscope to the metallurgy of steel. The revelation by 
; the microscope of the structural changes produced by heat and the 
ability to measure accurately by means of the electric pyrometer, 
the temperature involved, are the basis of modern heat treatment 
methods. 

If heat be applied to a bar of normal steel, it will become sensibly 
hotter with each increment of heat up to a given point. Thereupon, 
further application of heat instead of increasing the sensible tempera- 
ture, is absorbed by the steel in some molecular change or reconstruc- 
tion within the metal, lasting during a more or less protracted period. 
As this rearrangement is completed, the sensible temperature begins 
to increase again regularly. During this absorption or retardation 
of sensible temperature, the expansion of the steel bar is checked, 
its magnetic qualities disappear, and the steel develops the quality 
of becoming hard if quenched. In cooling, the reverse changes take 
place. To a certain temperature the steel cools regularly, then it 
ceases to cool for an interval, and heat is actually given off sufficient 
to cause a visible rise in temperature, after which the cooling pro- 
ceeds regularly; the steel regains its magnetic qualities and loses its 
hardening power. 

These phenomena, the retardation of sensible temperature on 
heating, and the evolution of sensible heat on cooling, are known as 
the “calescence”’ and ‘‘recalescence,” or more generally the “critical 
point,” or “‘absorption point” in steel. For convenience these 
points are designated Ac (calescence) and Ay; (recalescence). It has 
been demonstrated that in order to obtain the retardation A;, the 
steel must be first heated past the point Ac, and conversely the ab- 
sorption or change at A, cannot be induced unless the steel has first 
been cooled below the point A;. It is therefore evident that these 
two points, while not taking place at the same temperature, are 
opposite phases of the same phenomenon. Low carbon, and some 
of the alloy steels have two or three critical points, but high carbon 
steels and those of medium hardness have only one point. The 
various alloying metals—nickel, chromium, tungsten, vanadium, etc., 
have an influence on the location of these points, some raising and 
others lowering the temperature at which the retardation takes place. 

Before taking up further the application of heat treatment to 
steel it will be in order to refer briefly to the ultimate structure of 
steel as revealed by the microscope. For illustration we will consider 
a medium carbon steel, one with about .50 per cent. carbon. The 
carbon is combined chemically with a molecular proportion of iron, 
forming a definite carbide of iron, which is the structural constitu- 
ent cementite. One part of this carbide, cementite, unites or alloys 
with about seven parts of carbonless iron or ferrite, forming the 
structural constituent pearlite, which is distributed in mesh form 
through the main back-ground or net work of ferrite. In slowly 
cooled steel, pearlite has a characteristic laminated structure made up 
of thin plates alternately of ferrite and cementite. The precise 
-manner in which pearlite is arranged in respect to size, plate-like 
form, regular or irregular distribution, etc., depends to a consider- 
able degree, on the nature and amount of “hot work” put on the 
steel, the rate of cooling and so forth. Under certain conditions 
pearlite loses its lamellar structure and becomes a granular mixture 
of small irregular grains of cementite and ferrite. 

Investigation by the microscope of the changes in structure pro- 
duced during the calescence and recalescence period shows that dur- 
ing the calescence the pearlite becomes broken up, its carbides going 
into solid solution in the ferrite. During the recalescence period the 
dissolved carbides are thrown out of solution and alloy with the 
ferrite to re-form pearlite. Medium and low carbon steel slowly 
cooled from a temperature just above the recalescence point presents 
a very different structure than it originally had when slowly cooled 
froma high temperature. The pearlite has been broken up into small 
areas, the plate-like structure is less distinct and the tendency is 
more to a granular structure. The original coarseness of the grain 
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is removed, internal strains have been eliminated and the steel has 
become softer and more easily machined. It has become, in ordinary 
terms, Annealed. 

If the steel when heated above its calescence point (when it con- 
tains all its carbides in solid solution), be subjected to very quick 
cooling, so that no chance is given for the deposition or reprecipita- 
tion of its dissolved carbide, a new body is formed, known by the 
generic term “martensite;”’ in other words, martensite may be said 
to consist of a frozen solution of carbides in ferrite. In its nature, 
this body is brittle and intensely hard. The intensity of its hardness, 
however, naturally varies both with regard to the nature and amount 
of carbides contained in the frozen solid solution, and to their rate 
of freezing. 

Martensite is not a stable “body,” its equilibrium being destroyed 
very much below the calescence point; when subjected to a tempera- 
ture of about 360 deg. C., for a period of time sufficient to thor- 
oughly soak through the mass, it is decomposed, its carbides being 
deposited im situ and soft ferrite liberated as a background. 

A vanadium ferrite does not permit of the ready passage through 
it of the precipitated carbides, therefore the colonization of carbides 
in such steel is much less complete and their distribution better; 
consequently, the toughness and tenacity of the steel is increased, 
irrespective of the added toughness of the background of vanadium 
ferrite. 

From the above it is evident that the long practised operations 
of hardening and tempering of steel depend upon the formation of 
martensite by quenching from temperatures above the critical point, 
and its partial decomposition at temperatures below the critical point. 
It has been shown that martensite, the constituent that confers 
hardness upon quenched steel, is not formed below the calescence 
point. Consequently steel quenched at temperatures below the 
beginning of the calescence point are not hardened. This is illus- 
trated by the following tests made with a .50 per cent. carbon simple 
open-hearth steel. The temperature range of the calescence point 
is from about 705 deg. Cent. to 750 deg. Cent., the point of maximum 
retardation being at about 713 deg. Cent. ‘The range for the recales- 
cence point is from about 690 deg. Cent. to 640 deg. Cent., the maxi- 
mum retardation taking place at about 680 deg. Cent. 
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From these examples it is evident that there can be two methods 
of procedure in the tempering, drawing back, letting down, or 
annealing of hardened steel. The article can be heated to the prede- 
termined temperature, and then allowed to cool in the air, or it can 
be quenched in oil or water. This second procedure possesses..an 
advantage over the first, in that greater uniformity in results are 
obtainable in the heat treatment of a large number of pieces, and 
also that it facilitates output without impairment of quality. 

Frequently, in the case of the first procedure; that is, allowing 
the piece to cool in the air after it has been heated to the drawback 
temperatures, numerous pieces are heaped together and the rate 
of cooling varies greatly for different pieces in the pile. 
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It is preferable to heat the articles to be drawn back, in a fur- 
nace which is already at the desired temperature, maintaining the 
heat during the period necessary to bring the article up to this 
temperature. 

An excellent way of drawing back small quenched articles, which 
are required to be let down at a higher temperature than is consistent 
with the use of hot oil, is to immerse them in a bath of molten lead, 
or fused salts, kept at the desired heat by means of a fire. 

It should be remembered, that: 1. The stiffer steels when quenched 
form more intense martensites. 

2. Some quenching liquids are more drastic than others. 

3. The more intense the martensite, the more. decomposing it 
takes, other things being equal. ° 

The stiffening elements may be said to be carbon, manganese, 
chromium, and part of the vanadium. It is assumed that the phos- 
phorus and sulphur remain reasonably low in every case. 

The quenching oil is generally contained in a tank which is water- 
cooled, so that the temperature of the bath is usually about 50 deg. 
or 60 deg. Cent., or in some cases, possibly a little higher. It is not 
absolutely necessary that lard and fish oils be used alone, as it is ad- 
missible to add a considerable quantity of cotton-seed oil, etc., but 
the characteristics of such mixture of lard and fish oils should be 
adhered to as much as possible; for example, the admixture of any 
class of medium-thin paraffin oil would not be recommended. 

A more drastic quenching liquid than the above would be cold 
water, but this is not recommended for steels containing considerable 
quantities of chromium and manganese together, as such steels are 
particularly liable to crack when quenched in water. 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


tions to which it is subjected; in a way it is the most important, as 
it is generally the final one. There can be no unimportant details. 
It is essential that the work be done by skilful men, supplied with 
accurate pyrometers and well designed and constructed furnaces 
capable of maintaining a uniform heat and of being easily regulated. 


Hardness Tests 


The leading methods of testing materials for hardness are by the. use 
of the Brinell test and the scleroscope. In the Brinell test a hardened- 
steel sphere is made to indent the metal under test by a measured 
pressure, the diameter of the indentation being measured under a 
microscope. The measure of the hardness is then given by the equa- 
tion: 

load, kg. 
area of indentation, sq. mm. 


Hardness numeral = 


The loads recommended are 500 kg. for the softer and 3000 kg. 
for the harder metals. Investigations have shown the hardness 
numeral to be, within limits, independent of the size of the sphere, 
which, commonly, is of 10 mm. diameter. Table 5 gives Brinell 
hardness numerals for this size of ball and 500 and 3000 kg. pressure. 

The scleroscope consists of a pointed hammer enclosed within a 
glass tube and made to fall a definite distance upon the material 
under test. The height of the rebound of the hammer, as measured 
on a scale behind the glass tube, is the measure of the hardness. 
The rebound from steel hardened right out is made to read 100 on 
the scale, which is then divided in simple proportion down to zero. 
There is a direct relation between the hardness numerals and the 
tensile strength of steel. 


TABLE 5.—BRINELL HARDNESS NUMERALS, STEEL BALL of 10 Mut. DIAMETER 
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Due consideration must of course be given to v 
of the articles being heat treated. It is 
ing by quenching will vary w 
amount of martensite formed 
hardness. 


ariation in section 
evident that the rate of cool- 
ith the section, and consequently the 
will vary, and with it, of course, the 
The small section of the article therefore, should control 
the heat treatment temperatures. 


The heat treatment of steel is one of the most important opera- 


The relations of Brinell and scleroscope numbers and of the maximum 
strength of steel, according to R. R. Apporr (Trans. Am. Soc. for 


Testing Materials, 1915) are given i ich i 
{ S given in Table 6, which is bas 
several thousand tests and rene 


in which M=maximum Strength in rooo Ibs. per sq. in 
eddies 
B=Brinell hardness number, 
S=scleroscove hardness number. 


TABLE 6.—RELATIONS OF BRINELL AND SCLEROSCOPE HARDNESS 


STEEL 


NUMBERS WITH ONE ANOTHER AND WITH Maximum 


STRENGTH OF STEEL 


Equations connecting 
ited eeciaal Max. strength | Max. strength Brinell and 
and Brinell |andsgcleroscope| scleroscope 
number number numbers 
Carbon Gike-3 OF, G CO eee M=0.73B—28| M=4.4S—28 | B=5.6S+14 
INac kel crtin sts «fect Xe M=0.71B—32| M=3.5S— 6| B=5.0S+48 
Chrome vanadium......... M=0.71B—29| M=4.2S—21 B=5.5S+27 
Low chrome-nickel........ M=0.68B—22| M=3.7S— 1| B=5.45+33 
High chrome nickel........ M=0.71B—33} M=3.7S— 3] B=4.8S+58 
All steels grouped together.| I =0.70B—26 M=4.0S—15 | B=5.5S+28 


Composition Properties and Heat Treatment of Steel 


The following data are from the report of the iron and steel division 
of the standards committee of the Society of Automobile Engineers, 
Aug., I9rs. 

A numerical index system has been adopted in the numbering of the 
metal specifications contained in this report. This system renders it 
possible to employ specification numerals on shop drawings and blue 
prints, that are partially descriptive of the quality of material covered 
by such number. The first figure indicates the class to which the 
steel belongs; thus 1 indicates a carbon steel, 2 nickel, 3 nickel chro- 
mium, etc. In the case of the alloy steels, the second figure generally 
indicates the approximate percentage of the predominant alloying 
‘element. The last two or three figures indicate the average carbon 
content in “points,’”’ or hundredths of 1 per cent. Thus 2340 indi- 
cates a nickel steel with approximately 3 per cent. nickel (3.25 per 
cent—3.75 per cent.) and o.40 per cent. carbon (.35 per cent.—.45 
per cent.) and 51,120 indicates a chromium steel with about 1 per 
cent. chromium (.90 per cent.—r1.10 per cent.) and 1.20 per cent. 
carbon (1.10 per cent.—1.30 per cent.). 

The basic numerals for the various qualities of steels herein speci- 
fied follow: 


EE APS ATES CEC S Se PO ore Dae Shgdh GPS Geeake hs tes Reeds I 
I Niels areal. on 9 5 Sa Se ee eee ert eee a 2 
Nickelichromtumisteclsja625 2. dak fe eels sod sa tes 3 
CAT OINTSLECISS pray e edo ec n es swayadsee Sas we x 
Chromimmuvanadium: steels. 5. eco cere wrens ov orbs vols 6 
Slice maneaness) Steels... << ac< eon thoes eee 9 


These steels may be of open hearth, crucible or electric manufac- 
ture, and must be homogeneous, sound and free from physical defects, 
such as pipes, seams, heavy scale or scabs and surface and internal 
defects visible to the naked eye. 

These steels will be purchased on the basis of chemical analysis. 
The specifications indicate the desired chemical composition. Any 
shipments not conforming to these specifications after careful check 
analysis may be rejected. 

Recognizing the wide variance in methods used for the determina- 
tion of sulphur, the final reference method shall be the gravimetric 
(aqua regia) method, by oxidation. 

Materials to be sampled shall be considered under three classes 
namely: 

1. Wire, tubing, sheet and rod metal less than 1}4 ins. in size shall 
be sampled across or through the entire section. 

2. Forgings or pieces of irregular shape shall be sampled by drilling 
or cutting at thickest and thinnest sections, or through or across 
entire section. | 

3. Bars and billets or other shapes above 114 ins. thick shall be 
drilled at half radius, or halfway between center and exterior sur- 
faces. 

The notes and instructions following the chemical specifications are 
not to be considered in any way a part of these Specifications. They 
are added solely for the information of the user of the steels and for 
the guidance of the purchaser in the selection of proper steels for his 
different purposes. They should not be incorporated in the speci- 
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fication when ordering steel. This is especially true of the *Phys- 
ical Characteristics.” Where possible, specific data are given on the 
physical properties which can be expected with the most widely used 
heat treatments. 

The materials specified in detail as S. A. E. steels include the most 
important ones avaliable to the builder of automobiles. 

The results of physical tests, whether tension tests or otherwise, are 
largely dependent upon the mass and form of the specimen tested. 
This is particularly true of heat treated steels. For the foregoing 
reason, all results of physical tests are comparative, and in order to 
make the comparison a proper one a uniform test specimen must be 
used. 

The committee therefore decided that recommended practice 
should be the use of the S. A. E. standard test specimen, this speci- 
men to be treated approximately in its finished form, leaving only 
sufficient stock for finish grinding after the treatment is completed, 
say .020 in. on the diameter. 

The figures for physical characteristics given for all steels following 
specification No. 1045 refer to those obtained on specimens prepared 
from sections common in automobile use, that is, bars from 1 in. 
round up to 144 ins. round. 

The yield point is under control in two ways—by choice of quench- 
ing medium (oil, water or brine) and by varying the final drawing 
temperature. In the interpretation of the physical characteristic 
figures, it must be remembered that only the minimum figures as to 
toughness (7.e., reduction and elongation) can be expected with the 
highest degree of strength (i.e., yield point); and, conversely, that 
the highest degree of toughness may be expceted with the lowest 
yield point. This remark applies to all heat treated steels. It would 
be manifestly impossible to obtain the highest percentage of elonga- 
tion and the highest yield point on the same specimen. 

Except in the physical property charts, the yield point is specified 
rather than the elastic limit. The yield point is measured by the 
drop of the testing machine beam and furnishes the most ready and 
widely used measure of the so-called elastic limit; results obtained 
by this method, however, are generally from 5000 to 15,000 lbs. 
higher than the true elastic limit, where this property is not in excess 
of 125,000 lbs. per sq. in. With material having a yield point in 
excess of 125,000 lbs. per sq. in. the true elastic limit should be 
obtained by means of an extensometer. 

There is little use in giving the physical characteristics of a car- 
bonized steel, inasmuch as any test must be deceptive because of the 
very high carbon exterior case which cracks and fails long before the 
soft and tough interior does. This means that the rupture is frag- 
mental and progressive and misleading. 

In addition to the usual physical characteristics the hardness tests 
have been considered, as obtained by means of the Brinell ball test 
and the Shore scleroscope. The Brinell test recommended by the 
committee is the use of the t1o-mm. ball and 3000-kg. load. 
It is pointed out, however, that the Brinell test must not be used on 
soft steels less than 14 in. thick, or on arcas small enough to permit 
the depression to flow toward the edges of the specimen. With hard 
steels, where the depth of the depression and the flow of metal are 
less, material as thin as }4 in. can be so tested. The Brinell test 
can be fairly made on surfaces that are free from scale and smooth. 

The Shore test (scleroscope) must be used only on surfaces that 
have been carefully polished and free from all tool marks, file marks or 
grinding scratches. The test specimen should also be of such mass or 
be held in such manner as to give the greatest possible freedom from 
deflection when struck by the hammer. 

In interpreting the physical property curves and tabulations these 
considerations should be borne in mind: 

The figures given have been made as valuable as possible to the 
engineer by indicating what can be expected as the average product 
of a given composition when treated in the specified manner, in 
average sections prevailing in motor car work. 

At the same time the data have been so chosen as to protect makers 
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of treated stock and parts from unreasonable demands. | This has 
been done by taking figures low enough to be obtained with reason- 
able certainty when open market stock of medium to high grade is 
treated in commercially efficient equipment, controlled by commer- 
ially accurate instruments. ; 
aed ae sake of simplicity only average minimum figures for tensile 
strength, elastic limit, reduction of area and elongation have been 
adopted; these figures are based upon the following assumptions, 
heat treatment being kept constant: 

The lowest tensile strength and elastic limit are produced with 
steels at the bottom of a given range in carbon. 

The lowest reduction in area and elongation are produced with 
steels at the top of a given range in carbon. at ee D 

Thus, for 1035 steel, the tensile strengths and elastic limits given 
are the average minimum as of a steel containing 0.30 per cent. carbon; 
the reductions of area and elongations are the average minimum as 
of a steel containing .40 per cent. carbon. 

The figures for hardness are conventional averages for the whole 
range of compositions within any given specification. In general, 
the Brinell hardness figure is subject to fluctuations of plus or minus 
ten to fifteen points, the Shore (scleroscope) hardness of plus or 
minus five points. : 

Specimens for test must comply with all the requirements given 
above. In addition, tensile test pieces are to be taken concentrically 
from bars which are treated in diameters up to and including r in. 
round or square; from larger sections the axis of the test piece should 
be made parallel to the axis of the bar at any point as nearly as 
possible 50 per cent. from the center to the exterior. 

From all the foregoing it will be seen that the data referred to are 
very conservative. Average results in practice will generally exceed 
appreciably the figures given, and this excess then becomes an 
increased factor of safety which protects both the engineer and the 
manufacturer. 


Carbon Steels 
SPECIFICATION No. 1or10 
-t0 Carbon Steel 


CAD Onan Mates a einai Se een Ts -05 to .15% (.10% desired) 
Vane alese mane te ern diie E .30 to .60% (.45% desired) 
Phosphorus, not to exceed........... 045% 

Sulphur, not to exceed.............. 05% 


This is usually known in the trade as soft, basic open-hearth stéel. 
It is a material commonly used for seamless tubing, pressed steel 
frames, pressed steel brake-drums, sheet steel brake-bands and pressed 
steel parts of many varieties. It is soft and ductile and will stand 
much deformation without cracking. 
~ This steel in a natural or annealed condition has little tenacity 
and must not be used where much strength is required. This quality 
of material is considerably stronger after cold drawing or rolling; 
that is, its yield point is raised by such working. This is important 
in view of the fact that many wire and sheet metal parts above 
mentioned are used in the cold-rolled or cold-drawn form, 

It must not be forgotten that when this steel (so cold worked) is 
heated, as for bending, brazing, welding, or the like, the yield 
point returns to that characteristic of the annealed material. This 
remark also applies to all materials that have an increased yield point 
produced by cold working. 

This material in a natural or annealed state does not machine 
freely. It will tear badly in turning, threading and broaching 
operations. Heat treatment produces but little benefit, and that 
not in strength but in toughness. It is possible to quench this grade 


of steel and put it in a condition to machine better than in the 
annealed state, 


The heat treatment which will produce 
at 1500 deg. Fahr. in oil or water. No drawing is required. 


This steel will case-harden but is not as suitable for this purpose 
as steel 1020, a note on which follows: 


a little stiffness is to quench 
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Physical Characteristics 


pee ne Cold rolled or 


cold drawn — 
Yield point, lbs. per sq. in........ 28,000 40,000 
to to 
36,000 60,0001 


65-55 per cent. | 55-45 per cent. 
40-30 per cent. | Unimportant 


Reduction of area +. ye--ee ee 
Hlongation UY 2 Insc. c. 5 =p eee 


SPECIFICATION No. 1020 


.20 Carbon Steel 


Carbort...25. 5536. 0..20 oe See ee -15 to .25% (.20% desired) 
Manganese. bs =o en eee eee .30 to .60% (.45% desired) 
Phosphorus, not to exceed............ -045% 

Sulpbur,. not to.exceeds 225) ae eee -05% 


This steel is known to the trade as .20 carbon, open-hearth steel, 
and often as machine steel. 

This quality is intended primarily for case-hardening. It forges 
well and machines well, but should not be considered as screw-machine 
stock. It may therefore be used for a very large variety of forged, 
machined and case-hardened parts of an automobile where strength 
is not paramount. 

Steel of this quality may also be drawn into tubes and rolled into 
cold-rolled forms, and, as a matter of fact, makes a better frame 
than steel toro, because of the slightly higher carbon and re- 
sulting strength. The increased carbon content has no detrimental 
effect as far as usage is concerned, and it is only the most difficult 
of cold forming operations that cause it to crack during the form- 
ing. For automobile parts it may be safely used interchangeably 
with steel roro as far as cold pressed shapes are concerned. 

Heat treatment of this steel produces but little change as far as 
strength is concerned, but does cause a desirable refinement of grain 
after forging, and materially increases the toughness. Heat treat- 
ment, which will often help the machine qualities, is all that is 
necessary. 

Case-hardening is the most important treatment for this quality 
of steel. The character of the operation must depend upon the 
importance of the part to be treated and upon the shape and size. 
There is a certain group of parts in an automobile which are not called 
upon to carry much load or withstand any shock. The principal 
requirement is hardness. Such parts are fairly illustrated by screws 
and by rod-end pins. The simplest form of case-hardening will 
suffice, that is, heat treatment A. ; 

Another class of parts demands the best treatment (heat treatment 
B), such as gears, steering-wheel pivot-pins, cam-rollers, push-rods 
and many similar details of an automobile which the manufacturer 
learns by experience must be not only hard on the exterior surface 
but possess strength as well. The desired treatment is one which first 
refines and strengthens the interior and uncarbonized metal. This 
is then followed by heat treatment B which refines the exterior, car- 
bonized, or high-carbon metal. 

In the case of very important parts, the last drawing operation 
should be continued from one to three hours, to insure the full 
benefit of the operation. 

The objects of drawing are twofold: First, and not least im- 
portant, is the relieving of all internal strains produced by quench- 
ing; second, is the decrease in hardness, which is sometimes desirable. 
The hardness begins to decrease very materially from 350 deg. Fahr. 
up, and the operation must be controlled as dictated by experience 
with any given part. 

There are certain very important pieces that demand all of these 
operations, but the last drawing operation may be omitted with a 
large number. Experience teaches what degree of hardness and 

1 These high yield points 


small sections, either in the 
or flats. 


can be obtained only in comparatively light or 
sheet or rod form; say 4 in. round or 4 in. sheets 
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toughness combined 1s necessary for any given part. It is impossible 
to lay down a general rule covering all different uses. If the funda- 
mental principle is well understood, there should be no trouble in 


SPECIFICATION No. 1025 


.25 Carbon Steel 
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a et rai condition; but it must not show This steel is used most widely for frames and for ordinary drop 
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and finally cooled in air. and finally cooled in air. 


Fic. 3.—S. A. E. Steel No. 1035. Fic. 4.—S. A. E. Steel No. 1045. 


Values are average minimum, except those for hardness, which are average. 
Notation: T.S.=tensile strength, E.L.=elastic limit, R.A.=reduction of area, per cent., ELONG.=elongation in 2 ins., per 


cent., B.H.=Brinell hardness, S.H.=scleroscope hardness. 
Frcs. 1 to 4.—Physical characteristics of carbon steels when subjected to heat treatment. 


When cold rolled or cold drawn, this steel will have a yield point of _ essential. Heat treatment has a moderate effect on the physical 
40,000 to 75,000! Ibs. per sq. in., anda reduction of area from 35 to 30 properties but this effect is not nearly so marked as on steel 1035. 
per cent. Heat treatment Hf or D may be used for this quality of steel. 

The physical characteristics of this steel when subjected to heat Heat treatment ZH is the simplest form of heat treatment. The 
drawing operation (No. 3) must be varied to suit each‘ individual 


treatment are shown in Fig. 1. 
case. If great toughness, and little increased strength are desired, 


1In sections not over 14 in. round or 14 in. sheets or flats. 
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the higher drawing temperatures may be used, that is in the neighbor- 
hood of r1roo deg. Fahr. to 1200 deg. Fahr. If much strength is 
desired and little toughness, the lower temperatures are available. 
Even the lowest of the temperatures given will produce a quality 
of steel, after oil quenching, that is very tough—suficiently tough 
for many important parts. In fact, with some parts the drawing 
operation (No. 3) can be entirely omitted. 

Results better than obtainable with the above sequence of opera- 
tions can be obtained by the double treatment of heat treatment D 
which produces a refinement of grain not possible with one treatment 
and is resorted to in parts where extremely good qualities are desired. 

This quality of steel is not intended for case-hardening, but by 
careful manipulation it may be so treated. This should be done in 
emergencies only, rather than as a regular practice and, if at all, only 
with the double treatment followed by the drawing operation; that is, 
the most painstaking form of case-hardening. 

The physical characteristics of this steel when subjected to heat 
treatment H are shown in Fig. 2. 


SPECIFICATION No. 1035 
.35 Carbon Steel 


CAHDOM.ccepocossueonbaddneenpos GeO) Oy (acy, clesinaad) 
MMA TG ATICSe sane tia a cao or aeetepeeey hens .50 to .80% (.65% desired) 
Phosphorus, not to exceed......... .045% 

Shullyo) eae, TOL TO OEVle ao acco anaae 05% 


This material is sometimes referred to in the trade as .35 carbon 
machine steel. 

It is primarily for use as a structural steel. It forges well, machines 
well and responds to heat treatment in the matter of strength as well as 
toughness; that is to say, intelligent heat treatment will produce 
marked increase in the yield point. It can be used for all forgings 
such as axles, driving-shafts, steering pivots and other structural 
parts. It is the best all-round structural steel for such use as its 
strength warrants. 

Heat treatment for toughening and strength is of importance with 
this steel. The heat treatment must be modified in accordance with 
the experience of the individual user, to suit the size of the part 
treated and the combination of strength and toughness desired. The 
steel should be heat treated in all cases where reliability is important. 

Machining may precede the heat treatment, depending somewhat 
upon convenience and the character of the treatment. If the highest 
strength is demanded, a strong quenching medium must be employed; 
for example, brine. In such case, the yield point will be correspond- 
ingly high and the steel correspondingly hard and difficult to machine. 
On the other hand, if a moderately high yield point is all that is 
desired, an oil quench will suffice and machining may follow without 
any difficulty whatever. 

Heat treatment H, D, or E may be used on this quality of steel. 
When heat treatment E is applied, machining may follow operation 2. 

The physical characteristics of this steel when subjected to heat 
treatment H are shown in Fig. 3. 


SPECIFICATION No. 1045 
-45 Carbon Steel 


Carbone eee 40 to .50% (.45% desired) 
BABU ANCSO nak OMe ee he -§0 to .80% (.65% desired) 
Phosphorus, not to exceed......... .045% 

Sulphur, not to exceed..........., .05% 


This material is ordinarily known to the trade as -45 carbon machine 
steel. This quality represents a structural steel of greater strength 
than steel 1035. Its uses are more limited and are confined in a 
general way to such parts as demand a high degree of strength and a 
considerable degree of toughness. At the same time, with proper 
heat treatment the fatigue-resisting (endurance) qualities are very 
high—higher than those of any of the foregoing steels. 
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This steel is commonly used for crankshafts, driving-shafts and pro- 
peller-shafts. It has also been used for transmission gears, but it is 
not quite hard enough without case-hardening and is not tough 
enough with case-hardening to make safe transmission gears. It 
should not be used for case-hardened parts. Other specifications are 
decidedly better for this purpose. 

In a properly annealed condition it machines well—not well enough 
for screw machine work, but certainly well enough for all-round 
machine shop practice. Heat treatment E provides the annealing 
operation when needed, machining to follow operation 2; this treat- 
ment is especially adapted to crankshafts and similar parts. Heat 
treatment H is also commonly used for this quality of steel. 

The physical characteristics under this heat treatment are shown 
in Fig. 4. 

SPECIFICATION No. 1095 


.95 Carbon Steel 


Carbon, «20 noe 24 ood Sera ee hace sO SOs gin Cena 
Manganese: 20062). . tay eee ae .25to .50% (.35% desired) 
Phosphorus, not to exceed.......... -014% 
Sulphur) not, tovexcecd..<> tee aca 05% 


This is a grade of steel used generally for springs. Properly heat 
treated, extremely good results are possible. 

The hardening and drawing of springs, that is, the heat treatment 
of them, is, as a rule, in the hands of the springmaker, but in case 
it is desired to treat, as for small springs, heat treatment F is 
recommended. 

It must be understood that the higher the drawing temperature 
(operation 3), the lower will be the yield point of the material. On 
the other hand, if the material be drawn at too low a temperature, 
it will be brittle. A few practical trials will locate the best temper 
for any given shape or size. 

The physical characteristics of heat treated spring steel are best 
determined by transverse test. This is because steel as hard as 
tempered spring steel is very difficult to hold firmly in the jaws of a 
tensile testing machine. There is more or less slip, and side strains 
are bound to occur, all of which tend to produce misleading results. 

The physical characteristics in the annealed condition may be 
omitted, inasmuch as this grade of steel is not ordinarily used for 
structural parts in such condition. 

Careful examination of the fracture of the treated material is 
desirable. After tempering no suitable spring steel should be coarsely 
crystalline. It should be finely crystalline, and in some cases will 
show a partly fibrous fracture. 


Physical Characteristics 


(Transverse Test) 


| Heat treatment F 


Elastic limit (initial set), lbs. per sq. in. Anis) Q0,000 


180,000 
Not determined 
| in transverse test 


Reduction of area........4.. 00, 


Elongation. ....... Not determined 
as 7 in transverse test 
Screw Stock 
SPECIFICATION No, 1114 
Carbon .w..cc. ence cee eee .08 to .20% 
Manmeanent.. (oan sacs oe hee eee 30 to .80% 
Phosphorus, not to exceed........... 12% 

NUL DUI Sieh eercen ae See ee .06 to .12% 


This steel may be made by any process. It is intended for use 
where high screw machine production is the important factor, 
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STEEL 


strength and toughness being secondary considerations. Its com- 
position and texture are of such nature as to permit the rapid removal 
of metal and a resulting smoothness of finish. 


Steel Castings 
SPECIFICATION No. 1235 


Carbon......................, As required for physical properties 
Phosphorus, not to exceed...... 05% 
Sulphur, not to exceed......... F .05% 


In the following remarks, genuine steel castings, and not malleable 
iron or complex mixtures often found in the market masquerading 
under the name of steel, are referred to. 

All steel castings should be annealed and some shapes may be heat 
treated to great advantage. Like other castings, steel castings are 
subject to blow-holes. Consequently, they should not be used in the 
vital parts of an automobile. It is impossible to inspect against 
blow-holes, and steel castings for axles, crankshafts and steering 
spindles are used only at great risk. Freedom from blow-holes and 
proper physical condition are of more importance than the absolute 
analysis. 

On account of the great influence of varying types of foundry 
practice upon the properties of castings, it has not been found feasible 
to give a closer specification for chemical composition than that 
quoted under No. 1235. If it is desired to buy steel castings under 
precise specifications, the following, based upon the Specifications 
for Steel Castings, Class B, Serial Designation A 27-14, of the 
American Society for Testing Materials, can be used: 

The steel may be made by any process approved by the pur- 
chaser. ‘Three grades are recognized: hard, medium, and soft. 

All castings shall be allowed to become cold; they shall then be 

_ reheated uniformly to the proper temperature to refine the grain, and 
allowed to cool uniformly and slowly. 

No casting, on check analysis, shall show over .o5 per cent. phos- 
phorus or sulphur. The carbon content shall be suitable for the 
physical tests and service required. 

Drillings for analysis shall be so taken as to represent the average 
composition of the casting. 

The finished castings shall conform to the following minimum 
requirements as to tensile properties: 


| Hard | Medium | Soft 


Tensile strength, lb. per sq. in.......... | 80,000 | 70,000 | 60,000 
Yield point, Ib. per sq. in..............| 36,000] 31,500 | 27,000 
Heducwomrot2red, Per CeNt...4- jee. « | 20 25 30 
Hlongution in Zin., per cent..27....... ee) 18 22 


The test specimen for soft castings shall bend cold through 120 
deg., and for medium castings through 90 deg., around a 1-in. pin 
without cracking on the outside. Hard castings shall not be subject 
to bend-test requirements. 

In the case of small or unimportant castings, a test to destruction 
on three castings from a lot may be substituted for the tension and 
bend tests. This test shall show the material to be ductile, free 
from injurious defects, and suitable for the purpose intended. A lot 
shall consist of all castings from one melt, in the same annealing 
charge. In case test bars are cast separate, they shall be annealed 
with the lot they represent, the method of casting such test bars, or 
of casting test bars attached to castings, to be agreed upon by pur- 
chaser and manufacturer. 

Tension test specimens shall be machined to the standard S. A. E. 
form; bend test specimens shall be machined to 1 by 14 in. in section, 
with corners rounded to a radius not over }¥¢ in. 

One tension and one bend test shall be made from each annealing 
charge. If more than one melt is represented in an annealing 
charge, one tension and one bend test shall be made from each melt. 

If any test specimen shows defective machining or develops flaws, it 
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may be discarded; in which case another specimen may be selected 
by the manufacturer and the purchaser. 

A retest shall be allowed if the percentage of elongation is less than 
that specified, or if any part of the fracture is more than 34 in. from 
the center of the gage length, as indicated by scribe scratches marked 
on the specimen before testing. 

The finished castings shall conform substantially to the sizes and 
shapes of the patterns, shall be made in a workmanlike manner, and 
be free from injurious defects. 

Minor defects which do not impair the strength of the castings 
may, with the approval of the purchaser, be welded by an approved 
process. ‘The defects shall first be cleaned out to solid metal; and 
after welding, the castings shall be annealed. 

Castings offered for inspection shall not be painted or covered with 
any substance that will hide defects, nor rusted to such an extent as to 
hide defects. 


Alloy Steels 


In connection with the purchase and use of alloy steels it should 
be borne in mind that such steels should be used in the treated 
condition only, that is, not in an annealed or natural condition. 
In the latter condition there is a slight benefit, perhaps, as compared 
with plain carbon steels, but as a rule nothing commensurate with 
the increased cost. In the heat-treated condition, however, there 
is a very marked improvement in physical characteristics. 


Nickel Steels 


SPECIFICATION No. 2315 
.15 Carbon, 314 Per Cent. Nickel Steel 


Carbon seeeere ene ae eine mae O COU Zoo Gn (eis Ozadesired) 
IManganesetnem ni ri ee .50to .80% ( .65% desired) 
Phosphorus, not to exceed........ .04 % 
Sulphuramotitorexceedanerya ee 05% 


INGEIG do mopioces ona aan gneacy See RSio nse (Gately cacsnanal) 

This quality of steel is embraced in these specifications to furnish 
a nickel steel that is suitable for carbonizing purposes. Steel of 
this character, properly carbonized and heat treated, will produce a 
part with an exceedingly tough and strong core, coupled with the 
desired high-carbon exterior. 

This steel is also available for structural purposes, but is not one 
to be selected for such purpose when ordering materials. Much 
better results will be obtained with one of the other nickel steels of 
higher carbon. It is intended for case-hardened gears, for both 
the bevel driving and transmission systems, and for such other case- 
hardened parts as demand a very tough, strong steel with a hardened 
exterior. 

The case-hardening sequence may be varied considerably, as with 
steel 1020, those parts of relatively small importance requiring a 
simpler form of treatment. As a rule, however, those parts which 
require the use of nickel steel require the best type of case- 
hardening, that is, heat treatment G. 

The second quench (operation 6) must be conducted at the lowest 
possible temperature at which the material will harden. It will be 
found that sometimes this is lower than 1300 deg. Fahr. 

In connection with certain uses it will be found possible to omit the 
final drawing (operation 7) entirely, but for parts of the highest 
importance this operation should be followed as a safeguard. Parts 
of intricate shape, with sudden changes of thickness, sharp corners 
and the like, particularly sliding gears, should always be drawn, in 
order to relieve the internal strains. 

Much is to be learned from the character of the fracture. The 
center should be fibrous in appearance, and the exterior, high-carbon 
metal closely crystalline, or even silky. 

When used for structural purposes, the physical characteristics will 
range about as follows: 
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Physical Characteristics 


Heat treatment 
Annealed rok 
Yield point, lbs. per sq. in....-.-. 35,000 | 40,000 
to to 
45,000 80,000 


65-40 per cent. 
35-15 per cent. 


65-45 per cent. 
35-25 per cent. 


Reduction of area..,.......-- 
Elongation in 2 ims......... 


SPECIFICATION No. 2320 
.20 Carbon, 314 Per Cent. Nickel Steel 


Garon or an me case sal 5 LO .25% ( .20% desired) 
IN PREZNNESS, Go cong agensop ee aaaee soto .80% ( .65% desired) 
Phosphorus, not to exceed........ : .04% 
Sulphurmot toexceed).-.).- += - 045% 


Pike a ee oe nen 3528 10° 9.75%. (3.59% desired) 


This quality may be used interchangeably with steel 2315. Al- 
though intended primarily for case-hardening, it can be properly used 
for structural parts, with suitable heat treatment, and will give elas- 
tic limits somewhat higher than material provided by the preceding 
specification. For case-hardening heat treatment G should be fol- 
lowed, and for structural purposes the treatment should be in ac- 
cordance with heat treatment H or K; the quenching temperatures, 
as with other steels, being modified to meet individual cases. 


Physical Characteristics 


Annealed eaten 
Yield point, lbs. per sq. in........ 40,000 50,000 
to to 
50,000 125,000 
Reduction of area...............-| 65-40 per cent. | 65-40 per cent. 
HMlongation in’2\ins..........--.- 30-20 per cent. | 25—10 per cent. 


SPECIFICATION No. 2330 
.30 Carbon, 314 Per Cent. Nickel Steel 


(Gar homer etna. ie talent .25 to .35% ( .30% desired) 
Mian Se ATLeSe tae ies soe tes erie « .50to .80% ( .65% desired) 
Phosphorus, not to exceed........ .04 % 
Sulphur, not to exceed........... .045% 


NICE PEPE eho bieaa bier) 3.25 COlS 75%. (3.5096, desired) 

This quality of steel is primarily for heat-treated structural parts 
where strength and toughness are sought; such parts as axles, front- 
wheel spindles, crankshafts, driving-shafts and transmission shafts. 
Wide variations of yield point or elastic limit are possible by the 
use of different quenching mediums—oil, water or brine—and varia- 
tion in drawing temperatures, from 500 deg. Fahr. up to 1200 deg. 
Fahr. (heat treatment 7). A higher refinement of this treatment 
is heat treatment K. 


Physical Characteristics 


The physical characteristics of this steel may be considered as 
practically those obtained with steel 2320, slight modifications in 
the treatment much more than offsetting the slight difference in 
the carbon content. 


Heat treatment 
Annealed 
i “iad ahh H or K 
Yield point or elastic limit, Ibs. per 40,000 60,000 : 
sq. 1n. to to 

50,000 130,000 
Reduction of area........... 00.4. 60-40 per cent. | 60-30 per cent. 
Elongation in 2 ins.............. 30—20 per cent. | 25—10 per cent. 
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SPECIFICATION NO. 2335 
.35 Carbon, 314 Per Cent. Nickel Steel Pam 
Gio See tee .30to .40% ( .35% desired) 


Carbone. eee — 
Manganese. .......-++-++2++2-% .50to .80% ( .65% desired) 
Phosphorus, not to exceed........ .04 % 

Sulphur, not to exceed.........-- -045% ; 
Nickel... ..csssveeeoccv+osssa th 0-25 00gag5 0s Reese mee 


This quality of steel is subject to precisely the same remarks as 
steel 2330. It will respond a little more sharply to heat treat- 
ment and can be forced to higher elastic limits. The difference 


will be small except in extreme cases. 


Physical Characteristics 


Le oe |Heat treatment 


| HorkK 

Yield point or elastic limit, Ibs. per 45,000 . 65,000 
sq. in. to to 

| 55,000 160,000 


Reduction Of areéa.2-e5se ee 
Blongation in otis) 2 eee 


....| 55-35 percent. 55-25 per cent. 
| 25-15 per cent. 25—10 per cent. 


SPECIFICATION No. 2340 
.40 Carbon 314 Per Cent. Nickel Steel 


Carbon, ..c.ccons2recenteocceanex +35 Ee Pee eee 
Manganese. sass 44 ee aoe .50to .80% ( .65% desired) 
Phosphorus, not to exceed........ -04% 
Sulphur; not to exceed: .©.-.--.-- -045% 


Nickel... jcics oc oe. dedece ce rans came S225 00 3.7506 02 Cee 


The above nickel steel is a quality not in wide use but available for 
certain purposes. The carbon content being higher than generally 
used, greater hardness is obtainable by quenching; and as increased 
brittleness accompanies the greater hardness, the treatments given 
must be modified to meet such condition. For example, the final 
quench may be at a considerably lower temperature, and the final 
drawing temperature, or partial annealing, must be carefully chosen, 
in order to produce the desired toughness and other physical 
characteristics. 


Physical Characteristics 


Heat treatment 


| Annealed Hork 
Yield point or elastic limit, Ibs. per 55,000 70,000 
sq. in. to to 
| 65,000 200,000 
Reduction of area................| 50-30 per cent. | 55-15 per cent. 
Elongation in 2 ins... ...........| 25-15 per cent. | 20—- 5 per cent. 


Nickel Chromium Steels 


In general it can be said in the case of the nickel chromium 
steels that the heat treatments and the properties induced thereby 
are much the same as in the case of plain nickel steels, except 
that the effects of the heat treatments are somewhat augmented 
by the presence of the chromium, and further that these effects 
increase with increasing amounts of nickel and chromium. 


SPECIFICATION No. 3120 


CArDON. .4sas,5 sone wyicamin ate anne eae wee -25% (.20% desired) 
Mangantses so ssus's «chin. 8's Coie .80% (.65% desired) 
Phosphorus, not to exceed... ..... 04% 

Sulphur, not to exceed. .......... 045% 

INickell Rice aerevs eee T.00 to 1.50% (1.25% desired) 
Chromitams so. <gxce aan a ape 


-45 to .75%( .60% desired) 


1 Another grade of this type of steel is available with chromium content 
of .15 per cent. to .45 per cent, Its physical properties are somewhat lower 
than those of the grade with chromium content indicated in Specifications 
Nos. 3120, 3125, 3130, 3135 and 3140. 


STEEL 


This quality of steel is intended primarily for case-hardening (heat 
treatment G). It may also be used for structural parts with suitable 
heat treatment (heat treatment H or D). It should not be used in 
the natural or untreated condition. 


Physical Characteristics 


Heat treat- 


Annealed wee of D 
Yield point or elastic limit, lbs. per 30,000 40,000 
sq. in. to to 
40,000 | 100,000 
Reduction, of area. ).......2.0..:: 55-40 per cent. | 65—40 per cent. 
ieloneationsin 2)inSs. y.....4..+<-- 35-25 per cent. | 25-15 per cent. 


SPECIFICATIONS Nos. 3125, 3130, 3135, 3140 


‘These qualities of steel are intended primarily for structural pur- 
poses in a heat-treated condition (heat treatment H, D or E). Steel 
3125 may be used for case-hardening, as also may steel 3130 if 


Yield point or elastic limit, lbs. per 
sq. in. 


INediuction Of atcanene tanner 
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Steels 3135, 3140 
Heat treat- 
Annealed ment, H, D 
or E 
45,000 55,000 
to to 
60,000 I50,000 
-| 45-30 per cent. | 50-25 per cent. 
Rca CMCC oO Iaee 25-15 per cent. | 20— 5 per cent. 


Elongation in 2 ins 


SPECIFICATION No. 3220 


Carbon.. .15 to .25% ( .20% desired) 
Mane anese of .30 to .60% ( .45% desired) 
Phosphorus, 565 to ceeds. .04 % 
Sulphur, not to exceed........... 04% 


Nickelet esc... . 1.50 to 2.00% (1.75% desired) 
Chromium... eee sae. | OOo D.2596n(u. 10% desired) 


necessary. 


SPECIFICATION No, 3125 


aT DONE wie sec es +s aE .20to .30% ( .25% desired) 
NAATTER GSE he = Ae See See .50to .80% ( .65% desired) 
Phosphorus, not to exceed........ .04% 

Sulphur, not to exceed........... .045% 

NWCK EME. vata etic os 1.00 to 1.50% (1.25% desired) 
Chromium.. -45to .75%1( .60% desired) 


SPECIFICATION No. 3130 


This steel is intended for case-hardened parts of nickel chromium 


steel. 


Case-hardened parts demanding this grade of steel also 
demand the most careful heat treatment (heat treatment G). 


It 


may also be used for structural purposes with heat treatment H or D. 


Physical Characteristics 


| Heat treat- 
Annealed tent aoeD 
Yield point or elastic limit, lbs. per 35,000 45,000 
sq. in. to to 
45,000 120,000 
Reduction of area................| 60-45 per cent. | 65-30 per cent. 
Blonge tiontini2 inS.pe saa. oe 25-20 per cent. | 20— 5 per cent. 


MATHOULee = ees cess. 67250) 635% ( «30% desired) 
MBNEARATCSE, oe oenieis orsisy 1s aves << .50to .80% ( .65% desired) 

Phosphorus, not to exceed........ 04% 

Siipaurmot covexceed....-..-6. =< .045% 

ING RG oe = i ee eee 1.00 to 1.50% (1.25% desired) 

Ghromiumss<.2. ee. -45 to .75%1( .60% desired) 


SPECIFICATION NO. 3135 


Gabinete eee ce | «-30tO 640% ( 135% desired) 
Manganese. . .soto .80% ( .65% desired) 
Phosphorus; not to eecéed 2 .04 % 
SUIT, NOL LOTeXCEC.. «cri nave .045% 
icicle wee. moo tO 1,50%, (1.259% desired) 
Ghrouiunises? eee eee... 645, tO. .75%2¢ .60% desired) 


Carbon... a - .35 to .45% ( .40% desired) 
BIC ATESE Ab eect cas ‘siajay- nec + sie 'aPe, 2 soto .80% ( .65% desired) 
Phosphorus, not to exceed........ .04% 
Spi Ot LG EXClEds 207. oie - 045% 
icc eee ere to to. 14.50% (1.25% desired) 
(Chromium. ...........-+--<++--- +45 to .75%*( ..60% desired) 


Physical Characteristics 


Steels, 3125, 3130 


| Heat treat- 
| Annealed | ment, H, D, or 
E 
Yield point or elastic limit, lbs. per 40,000 50,000 
sq. in. to to 
55,000 125,000 
NVECUIC tole OL ATCAcra ce errane + @ oles. ¢ 50-35 per cent. | 55-25 per cent. 
BION PAHONMM2INS.. je. cicl nas eres 30-20 per cent. | 25-10 per cent. 


1 Another grade of this type of steel is available with chromium content of 
.I5 per cent. to.45 percent. Its physical properties are somewhat lower than 
those of the grade with chromium content indicated in Specifications Nos. 
3120, 3125, 3130, 3135 and 3140. 


SPECIFICATION No, 3230 


Carbon.. .25 to .35% ( .30% desired) 
Manganese .30to .60% ( .45% desired) 
Phosphorus, not to es. .04% 
Sulphursnot-storexceeda.. 4.00 04% 
Nickel aecennstsae sere aloes.) te P50, L012 00%, (aay Von cesired) 
Chromite eee oer eel OO LON a5 Von (Lato onudesized) 


This steel is intended for the most important structural parts and 
should be used only in a heat-treated condition (heat treatment H 
or D). 


Physical Characteristics 


Heat treat- 
Annealed Ne CoD 
Yield point or elastic limit, lbs. per 40,000 60,000 
sq. in. to to 
| 50,000 175,000 
ReEductlonvOf area: gutta atid | 55-40 per cent. | 60-30 per cent. 
Elongation In 2ims...............| 25-15 percent. | 20— 5 percent. 


SPECIFICATION No. 3240 
324 


Carbon.. .35 to .45% ( .40% desired) 
Mado iienks, .30 to .60% ( .45% desired) 
Phosphorus, not to exceed: .04% 
Sulphur, not to it eee ee .04 % 
(Nackelens eects eee niente SO LOL 2hOO [7m (LRG oprdesiren) 
Ghromitimee seen OO torrecs ona TOuencesiped) 


This quality of steel is suitable for structural parts where unusual 
strength is demanded. Higher elastic limit is possible under a given 
treatment than with material like steel 3230. The toughness will 
not be quite as great, but this does not bar the material from uses 
where toughness is not the controlling factor and where strength is. 

Heat treatment H or D is recommended. 
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Physical Characieristics 
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Heat treat- 


Physical Characteristics 


Heat treatment 


Yield point or elastic limit, lbs. per 
sq. in. 


Reductioniolmareas onan tcc cl 
longa tionginwe Se. aelie sees oi 


Annealed 
Annealed Pbor 
ment H or D 2 
5,000 65,000 Yield point or elastic limit, Ibs. per 45,000 ae 
? 

‘ i tome sq. in. to a ig 

ae Roch i ae 60-30 = cent. 
50-40 per cent. | 50-20 per cent. Reduction Of areas 1.20 ace a0 55 4OW & 30 Pp 

Disks per cent.|15- 2percent. Elongation in 2 ins............... 25-15 per cent. | 20~ 5 percent. 


SPECIFICATION No. 3250 


Ganbonereeaceren ten cacsetrs aids. hs 
Mia GaN eSCieten te ciencares ape alere 

Phosphorus, not to exceed........ 
Sulphur moteorexceedanac- 4 ae. 
IN Ghve Lerrcmretecete one, asia cis Pea cis este ew 
CiniRovathitin Go aceon Son ee pe non oc 


-45 to .55% 
.30to .60% 
04% 
04% 
I.50 to 2.00% 
.90 t0 1.25% 


( .50% desired) 
( .45% desired) 


(1.75% desired) 
(1.10% desired) 


This steel] is intended for gears where extreme strength and hard- 


ness are necessary. 


To heat treat for gears either heat treatment M or Q should be fol- 
lowed, the latter giving the better results. 


Physical Characteristics 


Heat treat- 
eee ment M or Q 
Yield point or elastic limit, Ibs. per 50,000 150,000 
sq. in. to to 
60,000 250,000 
Reduction of area...5.......5....| 50-40 per cent. | 25-15 per cent. 
BlongatiouNmrclins:. nee hee ee - 25-15 per cent. | 15— 2 percent. 


SPECIFICATION 


(CORO Moe Go poms. cohen onan eee 
IMian@amMese ys erciss.s «a+ ars sone 

Phosphorus, not to exceed........ 
Sulphur, not to exceed..........., 
LNG IS aa Ses es nn 
CMEOMIMM yeu ie has s/he Gs ws bo ie « 


No. X3315 
LOMO) 20% 
45 to .75% 
-04% 
04% 
2.75 tO 3) 25% 
Goto .95% 


( .15% desired) 


( .60% desired) 


(3.00% desired) 
( .80% desired) 


This steel is intended primarily for case-hardening. It is higher in 
nickel and chromium than the preceding nickel chromium steels. 
Heat treatment G should be followed. 

It is sometimes used for structural parts, when heat treatment M is 


applicable. 


Physical Characteristics 


Annealed 
Yield point or elastic limit, lbs. per 35,000 Ay 
sq. in, to 
45,000 


Reduction of area............... 
Elongation in 2 ins............. 


.| 60-45 per cent. 
- -| 25-20 per cent. 


Heat treatment 


100,000 
65-30 per cent. 
20- 5 per cent. 


SPECIFICATION 
SU er net ie 
RUE Se 
Phosphorus, not to exceed... . Poets 
Sulphur, not to exceed.....,..... 
ENTE KEM toes de save ce, 
Chromium .......... 


This steel is intended for stru 
character, such as crankshafts, a 
mission shafts, 


No. X3335 
-30to 1.40% 
45 to 175% 

.04% 
04% 


+ 2.75 to 3.25% 


-60 to .95% 


This steel is not intended for case-hardening, 


( .35% desired) 
( .60% desired) 


(3.00% desired) 
( .80% desired) 


ctural parts of the most important 
xles, spindles, drive-shafts and trans- 
Heat treatment P or R is recommended. 


SPECIFICATION No. X3350 


Carbotisacng scitate acces Ae Ee -55% ( .50% desired) 
Manganese... Gace eee 45 to .75% ( .60% desired) 
Phosphorus, not to exceed........ -04% 

Sulphur, 10t tolexzcetdye ame eer 04% 
Nickel... ccc asic.cst© sce cosine - egy Rg ty gel ee ence 
Chromitimiess onc..2 ats ee eee ae .60 to .95% ( .80% desired) 


This steel is an alternative quality for gears. The remarks made 
on steel 3250 apply to this case. The physical characteristics are 
similar to those of steel 3250. Heat treatment R should be used, 
although P is applicable. 


SPECIFICATION No. 3320 


Carbony.23 232) gee eee -I5 to .25% ( .20% desired) 
Manganiésé.<.,3. sees oe ee -30to .60% ( .45% desired) 
Phosphorus, not to exceed. ....... -04 % 
Sulphur, not to exceed........... -04% 
Nickelt. aoua a. oe eee 3-25 to 3.75% (3.50% desired) 
Chrominnits;. 2st ee aoa 1.25 to1.75% (1.50% desired) 


The remarks made in connection with steel 3220 apply to this 
steel also. There is no appreciable difference in the physical char- 
acteristics. Carbonizing should follow the practice indicated under 
heat treatment L. 


SPECIFICATION No. 3330 


CaLbom....5 aco Pasties Sie Lea ee 35% ( .30% desired) 
Manganese? 2. see eee -30to .60% ( .45% desired) 
Phosphorus, not to exceed........ 04% 
Sulphur, not to exceed......... 04% 
Nickel. aes 28 cr -25 to 3.75% (3.50% desired) 
Chromiumi<) ese aaa eee 1.25 to 1.75% (1.50% desired) 


This steel, like No. 3230, is intended for very important structural 
parts. The high nickel and chromium contents make it exceedingly 
tough and strong when treated according to heat treatments P or R. 


SPECIFICATION No. 3340 


Carbonecti nei as eee eee -35 to .45% ( .40% desired) 
Margizanese., Js os eoen ee ee -30to .60% ( .45% desired) 
Phosphorus, not to exceed... . Aras .04% 
Sulphur, not to exceed .......... .04% 
Nickel 7 Ses See eee 3.25 to 3.75% (3.50% desired) 
Chromiunie.e. cee 1.25 to 1.75% (1.50% desired) 


This steel is suitable for gears to be hardened without carbonizing, 
The remarks made in connection with steels 3240 and 3250 apply. 
Heat treatment P or R should be used. 

Chromium Steels 


SPECIFICATION No. 5120 
Carbontgenicntan ae cee 


-I5 to .25% (.20% desired) 
Manganesey:.o chcsecets oo. eee 1 
Phosphorus, not to exceed........ iin 04% 
Sulphur, not to exceed. ............. 045% 


Chromitana cuss gunn eee 


-65 to .85% (.75 %odesired) 


This steel is similar in Properties to 2320 and 3120 in that it 


is a case-hardening grade of much better quality than carbon steel. 
Heat treatment B should be used, 


1 See foot note next page, first column, 


STEEL 


SPECIFICATION No. 5140 


GiarDON geen meee Ne seis A etc -35 to .45% (.40% desired) 
ATER UGS Eng baddn. 8 ose Bie ome ene : 

Phosphorus, not to exceed...4..... 04% 

Sulphur, not to exceed.............. -045% 


Chromium eae -65 to .85% (.75% desired) 


This grade of steel is very similar in properties to steel 3140, 
When treated according to H or Dit becomes useful for high-duty 
shafting, etc. The drawing temperature should be moderaetly high 
in order to maintain a safe degree of toughness. 


SPECIFICATION No. 5195 


Carbowee esc .90 to 1.05% ( .95% desired) 
VAM PANES Cr eo na cs asi oo .20t0 .45% 
Phosphorus, not to exceed........ 03% 
Sulphur, not to exceed........... 03% 


PUTOMIUM oc ...-5.-.5....-.2--. .90t0T.10% (1.00% desired) 


SPECIFICATION No. 51120 


(Cita nor ne aerate I.10 to 1.30% (1.20% desired) 


IN Var raid ESC oem es case ait ces sens s .. .20t0 .45% ( .35% desired) 
Phosphorus, not to exceed........ 03% 
Sulphur, not to exceed...:....... 03% 
KG Ourada PET ere ctattpaek Gee ele Gees anes ad, .90 to 1.10% (1.00% desired) 


SPECIFICATION No. 5295 


ar pOMer swe eens. = 9010 1.05%, ( 059%, desired) 


Mice mane Sexe ns oe tee ee oe ne .20to .45% ( .35% desired) 
Phosphorus, not to exceed........ .03% 
SU MUIA NOE LOLeRCECO eco. nce. « .03% 
-( CIRO TTT ees <i ees I.10 to 1.30% (1.20% desired) 


SPECIFICATION No. 52120 


Ganhoneere tee heen oo ere ee cee 1. 10.t0lr. 30% (1.20% desired) 


MMO aNeSCset hy Makes ao eke 5 has .20to .45% ( .35% desired) 
Phosphorus, not to exceed........ .03% 
Sulpinithetrot tovexceed. 2.2... 92s .03% 


CTO MIuN 4s) eel es ese. 2.10 £04,309, (1.20%, desired) 


The above four grades of steel are used almost exclusively for bal]- 
bearing cups and cones, where their extreme hardness is indispensable. 
The treatment of these steels is in the hands of specialists, but in a 
general way treatment P and R illustrate the procedures followed. 


Chromium Vanadium Steels 


SPECIFICATION No. 6120 


.20 Carbon, Chromium Vanadium Steel 


Gar auee een ees. al stO 2571-207, desired) 
RVI eT CSE Mien id tae. uels ear .50to .80% (.65% desired) 
Phosphorus, not to exceed........ 04% 
Sal phate tab OLX CE CC yaya a cteetorsie isc 04% 
Chromium. ..,..5-2 .80 to 1.10% (.95% desired) 


Vanadium, not less than.......... .15% (.18% desired) 


This quality is primarily for case-hardening. It is used for the 
most important case-hardened parts; that is, case-hardened shafts, 
gears and the like. 

This steel may also be used in a heat-treated condition for struc- 
tural purposes, but for such work some of the steels following are to 
be preferred, particularly where higher strength is desired. 

The case-hardening treatment recommended is that covered by 
heat treatment S. 

1 Two types of steel are available in this class, viz., one with manganese .25 
to .50 per cent. (.35 per cent. desired), and silicon not over .20 per cent.; the 
other with manganese .60 to .80 per cent. (.70 per cent. desired), and silicon 


-15 to .50 per cent. 


25 


Physical Characteristics 


385 


Heat treatment 


Annealed T 
Yield point or elastic limit, lbs. per 40,000 55,000 
sq. In. to to 
50,000 100,000 


Reduction of area eat meas ner 
iloneationgineonise eens 


65-50 per cent. 
30-20 per cent. 


65-45 per cent. 
25-10 per cent. 


SPECIFICATION No. 6125 


.25 Carbon, Chromium Vanadium Steel 


CATDOUamiprrr eters A eer cee eis: 
IMIG SAGES eieren ate teens eee 
Phosphorus, not to exceed........ 
Sulphur, not to exceed........... 
Chrome per ree 
Vanadium, not less than.......... 


.20to .30% 
750 LOM ..007G 
04% 
.047% 
.80 to 1.10% 


-15% 


(.25% desired) 
(.65% desired) 


(.95% desired) 
(.18% desired) 


The difference between this and the preceding steel is very slight 


and they may be used interchangeably for structural purposes. 


This 


steel may be case-hardened but is not first choice for this purpose. 
The physical characteristics can be considered as practically the 


same as those given for steel 6120. 


Physical Characteristics 


Cen Heat treat- 
ment T 
Yield point or elastic limit, Ibs. per 40,000 55,000 
sq. in. to to 
50,000 100,000 


INECUCUIONNOMaT el an eee 


loneakionminecn inserter eit aren 


65-50 per cent. 
32—20) per cent. 


65-45 per cent. 
25-10 per cent. 


SPECIFICATION No. 6130 


.30 Carbon, Chromium Vanadium Steel 


Carbonherc ear 

Mian SanieSe meyeere seen ee sie a sysie 
Phosphorus, not to exceed........ 
Sul pb smOttorexceedennr tae ra: 
(Ghromitimec ete ee 
Vanadium, not less than.......... 


25 to .35% 
soto .80% 
04% 
.04% 
.80 to 1.10% 
-15% 


(.30% desirec ) 
(.65% desired) 


(.95% desired) 
(.18% desired) 


This quality of steel is intermediate in the carbon range and can 
be used interchangeably with steel 6125 for structural purposes. 
It should not be used for case-hardening. When subjected to heat 
treatment 7 it possesses a high degree of combined strength and 


toughness. 


Physical Characteristics 


Heat treat- 
Annealed Serene 
ment T 
Yield point or elastic limit, Ibs. per 45,000 60,000 
sq. in. to to 
55,000 150,000 


eductionvoh aleaem wr secu erence: 
Elon ationeiny 2am. rosary arcs cl 


60-50 per cent. 
25-20 per cent. 


55-25 per cent. 
I5- 5 per cent. 


SPECIFICATION No. 6135 


.35 Carbon, Chromium Vanadium Steel 


This specification provides a first-rate quality of steel for structural 
parts that are to be heat treated. The fatigue-resisting (endurance) 
qualities of this material are excellent. 
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“ SPECIFICATION No. 6150 
.. .g0to .40% (.35% desired) ; me 
Garbonacmas saiccae adore ierersnn are oe - ES me ‘so Carbon, Chromium Vanadium Steel 
IMappaneseu.tg viscose owes < : ae _.. .4§ to .55% (.50% desired) 
Phosphorus, not to exceed........ : te Carbontesss.cn ene: oor eee ne seg eee 
Sulphur, not to exceed..........-. 04% ized) Manganese. ... 4. 0+ dt- oe oe eee 2 
Ch ee aaneamanann GfOUWOT HI (GORGE desire Phosphorus, not to exceed......... -04% 
TOMIUM....... ++. .15% (.18% desired) és bapeodi tee 04% 
Vanadium, not less than.......... Sulphur, not to e Bo to 1.00% dg deen 
Chromiuni,.?: s..e25 5) ee See ? 0 \. : 
Physical Characteristics Vanadium, not less than........+- 15% (.18% desired) 
Heat treat- : 
Apnealed ment 7 Substantially the same remarks as made in regard to steel 6145 
6 apply to this steel. In this grade, however, we also find a material 
Yield point or elastic limit, lbs. per 45,000 ia that is suflable ie eee proper sequence of kentiogl 
sq. in. ue quenching and drawing, very high elastic limits are obtained. 
55,000 shat ces ap For spring material heat treatment U is recommended, except that 
; = . | 55-25 percent. : : : 
Reduction of area................| 60-50 per eo eee ercent. the last drawing (operation 6) will be carried farther—probably from 
Mlongation in 2 ins.-.-0--.. o=...- «|| 25-20 per cent. yoo-1z00 deg; Fale: “This Gesl-detalae Wauee aaa will have ta 
No. 6140 vary with the section of material being handled, whether light spiral 
C ss fee eae ne Steel springs or heavy flat springs. 
.40 Carbon, Chromium ‘ rs 
Carbon...........essesssseeees 3540 45% (.40% desired) Physical Characteristics 
MMiiaia ames waver materials terse) idee: .50to .80% (.65% desired) Heat treatment 
Phosphorus, not to exceed........ -04% Annealed | U 
h (e WoGeemeatle dan acaspoe .04% : — . 
eae rca ies ey iclchaw teal eke eyo acthsops .80 to 1.10% (.95% desired) Yield point or elastic limit, lbs. per a ey bees 
Vanadium, not less than........:. .15% (.18% desired) sq. in. e we fees: 
7 i ? 
is i ty good quality of steel to be selected where a high de- Reduction of area............... 50-35 per cent. | 35-15 per cent. 
This is a very g q y | 
gree of strength is desired, coupled with a good measure of toughness. Elongation in 2 ins..............| 20-15 percent. | ro~ 2 percent. 
Its fatigue-resisting qualities are very high, and it is a first-class 
material for high-duty shafts. Heat treatment T is recommended: Silico-manganese Steels 
Physical Characteristics SPECIFICATION No. 9250 <i 
Carbon. ta. Grit ee eee -45 to .55% .50% desire 
t treatment : 
Annealed eee ae . Manganese.................... .60to .80% ( .70% desired) 
Phosphorus, not to exceed..... . .045%! 
Yield point or elastic limit, lbs. per 50,000 65,000 Sitpiar notte exceeds nee Oi 
ey 6 we £9 Silicon O22: Cv eee Se ee 1.80 to 2.10% (1.95% desired) 
0,000 175,000 
Bvecluctionlolsareanepner ese. —1 5 per cent. | 50-15 per cent. SPECIFICATION No. 9260 
pe seenten ina ins. Se ee Carbones wi ncran ty Mee ee eee -55 to .65% ( .60% desired) 
ee oer ree esse .60% desired 
SpecrFicaTion No. 6145 Manganese......... 50 to .70 Zo S ~ desired) 
: F Phosphorus, not to exceed..._... -045% 
-45 Carbon, Chromium Vanadium Steel Suinkarnutta eaoeti eee ee Beage > 
| CESS, A a a ee oe .50% (.45% desired) Silipnn, icc ccmeeh et aenaneaee 1.50 to 1.80% (1.65% desired) 
Man SAMeSe Wem me tau. fecce co coc .50to .80% (.65% desired) 
Phosphorus, not to exceed........ 04% These steels have been standardized by usage principally as spring 
Sulphur, not to exceed........... 04% steels. No. 9260 is also used to some extent for gears. Neither 
SOT edocs oe te ans ae , 80.10 110% (.95% desired)  cteel is suitable for use without heat treatment. 
Vanadium, not less then.......... -15% (.18% desired) 


Both of these specifications are provided in order to meet the re- 
: ; ; 2 4 Ke ; quirements of two groups of users: Those who believe in relatively 
This quality of steel contains sufficient carbon in combination with low carbon and high silicon, and those who desire higher carbon and 
chromium and vanadium to harden to a considerable degree when lower silicon. When properly treated, their physical properties will 
quenched at a proper temperature, and may be used for gears and 


i not differ appreciably, though steel 9250 will probably be slightly 
SpEMpS. ; . F ; the tougher of the two. Heat treatment V is suitable for both gears 
For structural parts where exceedingly high strength is desirable and’ shiikes 
heat treatment T should be followed. S ee : < 
: : teel 9260 will become harder when quenched in the same 
For gears this steel should be annealed after forging, and : : 
as medium as steel 9250. The latter, however, is more often quenched 
before machining. : : : oe : 
in water, while steel 9260 is generally quenched in oil—a circum- 
Physical Characteristics stance which largely counteracts the influence of the composition. 
Furthermore, variation in the temperature of drawing will suffice 
Heat treat- : 
Annealed to balance the properties closely, 
ment U Th 4 : 
Demir deste lime ince ae ne exact temperature for quenching and drawing, and the proper 
pee peter 1g 95,000 T50,000 medium should be determined for each case. In general, gears are 
Dads to to drawn between 450 and 550 deg. Fahr. and springs between 800 and 
65,000 200,000 


eg. Fahr. 
Reduction of area.............. puget: 


-| 55-40 per cent. | 25-10 per cent. 
Elongation in 2 ins 


Befexaere ashe, ayeaters 25-15 percent. | to— 2 percent. 
onan ee EEN 


1Steel made by the acid 


Process may contain maximum .o5 per cent. 
Phosphorus. 


STEEL 


Physical Characteristics 


AWaea ted Heat treat- 
ment V 
Yield point or elastic limit, Ibs. per 55,000 60,000 
- sq. in. : to to 
65,000 180,000 
Reduction of area 30 
CUUEUONTOE ALEA. aw aw nae 45-30 per cent. | 40-10 per cent. 
Biome tone ne onsets. so, 25-20 per cent. | 20— 5 per cent. 


Physical Properties of Spring Steel as Related to the Degree of 
Temper 


The effects of various heat treatments on the physical properties of 
carbon steel formed the subject of experiments at the Baldwin Loco- 
motive Works. The steel experimented upon was basic open-hearth 
spring steel of the following composition: 


Per cent. 
CON GUT fe eee ee 1. OL 
INTANa ees CMa ee arene nee an Merete. «6 Cea, < 38 
HELO SPD OLO RS aera Seer. hon ses cuen 2 .032 
SHED AS: Zinta pe ine oa .032 
SUSU RGY E55 Sr Sec claro ee bs 


Ten test pieces were cut from the same bar, each 14 ins. long and 
1 in. diameter. They were subjected to transverse or bending tests 
on supports 12 ins. apart and loaded at the center, the loads and 
deflections being measured. The fiber stress and modulus of elas- 
ticity were calculated by means of the formula for stresses in beams, 
the results being given in the stress strain diagrams and table of 
Fig. 5. The fiber stresses obtained by means of the beam formula 
are, of course, correct within the elastic limit only, the curves ob- 

tained beyond that point being useful for comparison only. The 
precision of measurement of small deflections involved in the deter- 
mination of the modulus of elasticity, together with the compression 
of the test specimen at the points of support, introduce uncertainties 
in that determination, the tendency being to give too small a result, 
especially in the softer specimens, the probability thus being that the 
modulus is even more constant at a value between 29,000,000 and 
30,000,000 than the tests indicate. The deflections given in the chart 
are the readings from the pieces as loaded. 

The hardening temperature (temperature of calescence) was 
determined by means of a magnet and Bristol pyrometer to be 
1360 deg. Fahr. A certain margin above this point, both for an- 
nealing and hardening or quenching, is necessary, these tempera- 
tures, based on previous experience, being: 


RGAE RINT Dee Bete eae ames ener LAOO Eee 
Homanenchiigin Olle eee merce... L450 
Pormaquenchingsm waterserier acute. «1425 F 


The test specimens were heated in a gas heated lead bath specially 
constructed to secure control and uniformity of temperature, which 
was read by the Bristol pyrometer. For annealing, the bath was 
held at the temperature of 1400 deg. Fahr. for two hours and then 
allowed to cool off naturally with the furnace, the time required for 
cooling being fourteen hours. For hardening, the pieces were 
quenched; (a) in oil conforming to the Baldwin Locomotive Works 
specification for spring tempering oil and maintained at a tempera- 
ture of 80 deg. Fahr.; (b) in pure running water at 60 deg. Fahr. 
When quenching, the pieces were kept agitated until cooled to the 
temperature of the bath. For drawing the temper up to 600 deg. 
Fahr., the pieces were placed in a gas heated oil bath, the temperatures 
being read by a mercury thermometer. Above 600 deg. Fahr., the 
lead bath and Bristol pyrometer were used. After the temper was 
drawn to the desired temperature, the pieces were removed from the 
bath and allowed to cool naturally in the air. 

The results of the tests are shown in Fig. 5 and the accompanying 
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table. In general, the modulus of elasticity is shown to be unaffected 
by the heat treatment while the limit of elasticity is markedly 
affected, varying between 78,500 and 240,800 lbs. per sq. in. The 
difference in the effect of quenching in oil and water is clearly brought 
out as is the lowering of the elastic limit with increase of drawing 
temperature. In particular it is apparent that steel of thiscarbon 
content, quenched in water and not drawn, or drawn but little, has 
no elongation or permanent set, the elastic limit and ultimate strength 
being identical. As in most cases the tests were not carried to 
destruction, the ultimate strength in these cases is not shown. 


Tat 
iy 
of «ot A oe 
380000 s er 
3 \yp® I goo F Test Ended 
4 a Did Not Break 
360000 | oe Sar — yor 
E ey e cet we 
A at 
340000 : Ss os epsewe| | 
a » oe “oF No} Test Ended 
°g is Ras ak 40 Did Not Break | 
820000} —-3-|— 8A | sof — 99 aa 
2 x ot 400 F Test Ended 
300000 ts ms gob oe sprowe Me. Did Not Break 
pach ie of 50 +=, Test Ended, Did Not Break 
C7 “«“ a 300 F t on Brevk 
£| ee ~ th 080 Did Not 
280000 AS fog Drawn nded 
S$) 3d 4p0 Ser 
a a ot Pest Gnded ia 
260000} —e.—|-3 oe <n of 000 F _pyig ok BEM 
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a s | ae aS ct 
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2 a 
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ro] 3 ‘9 
2 Sa 
£ 1800005 
a iss] 
FRG ee 90 F Did Not Break 
2 3 a of rea 
Fa 140000 a eet ot Sal Test Ended 
120000 = ; 
Sodul Diam. loment reakl; 
Tener Elastic] ~°Or | gr | of Inertia Deicke 
100000 Limit |rlasticity|Test Piece of Inches 
Cross n 
0000! Annealed in Lend at 1400 73500 | 27550000] 0,991 0.4730 
11 |Hardened in Oil at 1450 F Drown to 38) {137500 {28700000 | 1.000 0.4909 
uu do » 91 500 F {160400 | 27150000 | 1,000 0.4909 ” 
60000! 19 do +» 57400 E — {177600} 29080000} 0,991 0.4730 ” 
12 do Not Drawn 187400 | 28610000 } 0,993 0.4772 ” 
40000 | 16 |Hardened in Water at 1425 F Drawn to 1050F|180700 |28070000 | 0,997 0,850 ” 
13 do 1 45 990 F}283900|28860000 | 0,998 044870 ” 
15 do +» 99 750° F 240800 29220000 | 0,994 0.1790 | 744 
ir acaal do + 9» 600 F}219800 | 30420000 | 0,991 0.4780 +175 
do Noe Drewa 212000 | 29960000 | 0.901 0.4730 


CS 4 Ce eS ae. 
Deflection in Inches at Middle 


10 11 12 13 14 15 16 
Fic. 5.—Effects of various heat treatments on the mechanical 
properties of carbon spring steel. 


The term elastic limit as here used is the point at which the ratio 
of deflection to stress ceases to be apprecially constant, the deflection 
beginning to increase at a faster rate than the stress. 


S. A. E. Standard Heat Treatments 


Heat Treatment A 


After forging or machining— 
1. Carbonize at a temperature between 1600° F. and 1750° F. 
(1650°-1700° F. desired). 
2. Cool slowly or quench. 
3. Reheat to 1450°-1500° F. and quench. 


Heat Treatment B 


After forging or machining— 
1. Carbonize at a temperature between 1600° F. and 1750° F. 
(1650°—1700° F. desired). 

Cool slowly in the carbonizing mixture. 

Reheat to 1550°—-1625° F. 

Quench. 

Reheat to r400°%1450° F. 

Quench. 

Draw in hot oil at a temperature which may vary from 300° to 
450° F., depending upon the degree of hardness desired. 


NAN pW bd 
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‘Heat Treatment D 


After forging or machining— 
1. Heat to 1500°-1600° F. 
2. Quench. 
3. Reheat to 1450°-1500° F. 
4. Quench. 
s. Reheat to 600°-1200° F. and cool slowly. 


Heai Treatment E 


After forging or machining— 
1. Heat to 1500°-1550° F. 
2. Cool slowly. 
3. Reheat to 1450° to 1500° F. 
4. Quench. 
5. Reheat to 600°—1200° F. and cool slowly. 


Heat Treatment F 
After shaping or coiling— 
1. Heat to 1425°-1475° F. 
2. Quench in oil. 
3. Reheat to 400°-go00° F., in accordance with degree of temper 
desired, and cool slowly. 


Heat Treatment G 


After forging or machining— 
1. Carbonize at a temperature between 1600° F. and 1750° F. 

(1650°-1700° F. desired). 

. Cool slowly in the carbonizing material. 

. Reheat to 1500°%-1550° F, 

- Quench. 

. Reheat to 1300°1400° F. 

Quench. 

. Reheat to 250°—-500° F. (in accordance with the necessities of the 
case) and cool slowly. 


TWAaN PW Dd 


Heat Treatment H 
After forging or machining— 
1. Heat to 1500°-1600° F. 
2. Quench. 
3- Reheat to 600°-1200° F. and cool slowly. 


Heat Treatment K 
After forging or machining— 
1. Heat to 1500°1550° F. 
2. Quench. 
3. Reheat to 1300°1400° F. 
4. Quench. 
5. Reheat to 600°r1200° F. and cool slowly. 


Heat Treatment L 
After forging or machining— 
1. Carbonize at a temperature between 1600° F. and 1750° F, 
(1650°-1700° F. desired). 
- Cool slowly in the carbonizing mixture. 
- Reheat to 1400°%1500° F, 
- Quench. 
- Reheat to 1300°1400° F, 
- Quench. 
Reheat to 250°so0° F. and cool slowly. 


NAaPWDHD 


Heat Treatment M 
After forging or machining— 
1. Heat to 1450°-1500° F, 
2. Quench. 
3. Reheat to s00°-1 250° F. and cool slowly. 
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Heat Treaiment P | 


After forging or machining— 

1. Heat to r450°-1500° F. 

2. Quench. 

3. Reheat to 1375°-1450° F. 

4. Quench. 

s. Reheat to 500°-1250° F. and cool slowly. 

Heat Treatment QO 

After forging— 

1. Heat to 1475°-1525° F. (Hold at this temperature one-half 

2. Cool slowly. 

3. Machine. 

4. Reheat to 1375°-1425° F. 

5- Quench. 

6. Reheat to 250°—-550° F. and cool slowly. 


Heat Treatment R 


After forging— 
1. Heat to 1500°1550° F. 
2. Quench in oil. 
3. Reheat to 1200°1300° F. 
hours.) 
Cool slowly. 
Machine. 
Reheat to 1350°-1450° F. 
- Quench in oil. 
. Reheat to 250°-500° F. and cool slowly. 


(Hold at this temperature three 


eae S 


Heat Treatment S 


After forging or machining— 
1. Carbonize at a temperature between 1600° F. and 1750° F. 
(1650°-1700° F. desired). 
. Cool slowly in the carbonizing mixture. 
. Reheat to 1650°-1750° F. 
- Quench. 
Reheat to 1475°-1550° F. 
- Quench. 
Reheat to 250°550° F. and cool slowly. 


WONESD 


Heat Treatment T 


After forging or machining— 

1. Heat to 1650°1750° F. 
2. Quench. 
‘ 


hour to insure thorough heating.) 


3- Reheat to 500°-1300° F. and cool slowly. 


Heat Treatment U 

After forging— 

1. Heat to 1525°—1600° F. 
. Cool slowly. 
. Machine, . 
. Reheat to 1650°1700° F, 
Quench. 
Reheat to 350°-550° F. and cool slowly. 


(Hold for about one-half hour.) 


Aun & wD 


Heat Treatment V 
After forging or machining— 
1. Heat to 1650°%1750° F, 
2. Quench. 
3- Reheat to 400°1200° F. and cool slowly. 
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TABLE 8.—TEMPERATURE EQUIVALENTS OF TEMPER COLORS 


er Col Degrees Degrees 
Colors Degrees Degrees a Centigrade Fahrenheit 

| Centigrade Fahrenheit Very faint yellow............ 216 420 
Dark blood red, black red... . 532 990 Wetvepalenvello winner 221 430 
Dark red, blood red or low red 566 1050 ight=y.ellowaers serra eat ay 440 
Warkvehernyaneden eee.) 635 ~ II75 Pale strawyellow. ..see.ehe a 232 450 
Medium cherry red.......... 677 1250 Straweyvellowamscem seers 238 460 
Wirerry-ntullitedaen yams ae 746 1375 Deep straw yellow........... 243 470 
Light cherry, bright cherry, Dankevellowpmerrccrrauac sat: 240 480 
Scalin@dheatl an. och acces. 6 843 1550 Wellowsbrowmneniateie cise se 254 490 
Salmon, orange, free scaling Birownay.cllownennac mates 260 500 
[nee aseea San ees Oe aes eee 890 1650 Spotted red brown........... 266 510 
Light salmon, light orange.... 940 1725 Brown purplewan ascent: 27a 520 
WLIO ay oS eee 996 1825 (benny PRG ko go coadooe ae 277 530 
Heed bey CHOW soyaien + =i cswlaieoia 6 1080 1975 Hullipurplemmener mr eiseienicce na 282 540 
VAVCOTR(G\ SOA ee oe 1204 2200 Darkapurplemm-crowtcs ccc & 288 550 
: : DOMME SYA GR ets ite cece ciate een 203 560 
1 Scaling heat—scales just form but do not fall away when cooling Nee 8 eileen ea 200 570 
in air. WAY Glehd!e NBS, an adoacates 316 600 


ALLOYS 


Sheet brass shall be furnished annealed or hard rolled. Annealed 
brass is to be designated as light annealed, or on Hard ey = 
in-Zi i in the following tempers, and the amount of reduc- 
sepia oaeta iven in Fi re aay wae bad sheet shall be as follows, expressed 
The tensile strengths of copper-tin-zinc alloys are given in Fig. 1 tion in thickness from the anneale 
e tens t 
from The Materials of Construction by Prof. J. B. Johnson. : The in Brown & Sharpe gages: 
location of any point within the triangle indicates the composition. 


For alloys for bearings see Index. 


; B.S: 
Thus, point @ stands for 40 per cent. copper, 20 per se oa ae Pemper: . bias. ; 
4o per cent. tin. Again, the contour lines give the tensile s 3 a Gidrter iid’ ; 
for the useful alloys. ape eens Seen tena : eae “oer oiae gee aa 
‘i OIA TTA ace eam IE aed : 
the triangle. As put by Professor Johnson, “So much depends on =m s; 3 s ees. en: ; 
peice ier, geet fed One meu ene aes oe sar pe 
of melting and casting, that this chart, or any similar record, must be PELINO os wiereis sere 
Copper 100 


Fic. 1.—Composition and strength of copper-tin-zine alloys, 


taken as showing what may be obtained rather than what will be Overs Over 8 Over rr 


i i i Uptos5 ins. wide ins. wide ins. wide 
© ” 
obtained from the use of these particular mixtures, ae ins. wide to 8 ins, torzins. to rq ins 
The following data are from the report of the sheet metals division Thickness, Limits, inclusive, inclusive, inclusive, inclusive, 
of the Standards Committee of the Society of Automobile Engineers, (B. & S. gage) ins. ins. ins. ins, ins. 


January, 1912. They are approximate and should be used as a guide No. 0000 to No. o inc.(.4600-.3248) 


*.0044 +.0048 +=.0051 +.0055 
only. If the figures are of particular interest to an engineer, a special eal oa eas, ne-(-3248-.2043). *.0039 *.0043 +. 0046 Pepetise 
e ‘ hould b t to th ill fe " ae 7 ; Below 4 to No. 8 inc. (.2043-.1284) +. 0034 *.0038 +.0041r +.0045 
ys ou € sent to iS mill manufacturing, Blving size, temper, —_ Below 8 to No. 14 inc.(.1284-.0640) *.0029 *.0033  +.0036 +.0040 
etc., with a request for tensile strength and elongation figures coverin Below 14 to No. 18 inc. (.0640—.0403) *.0025 *.00290 +.0033  +.0037 

g g g i 
the particular requirements, Below 18 to No. 24 inc. (.0403-.0201) +.0020 +.0024 +.0028 +0032 
Below 24 to No. 28 inc. (.0201-.0126) *.0016 +.0020 +.0024 +.0028 
Standard Sheet Brass Below 28 to No. 32 inc. (.0126-.0079) *+.0013) +.00I7 +.0020 +.0024 
SPECIFICATION No 33 Below 32 to No, 35 inc. (.0079-.0056) *=.001I0 =.0014 +.0017 +.0022 

4 we ; ‘ as low 3 \ inc. (, a 4 ‘ : : 
The following composition is desired: Below 35 to No. 38 ina.(.nos- SOSH) 0008S oe ee 
PORT: er Base ste sh 6h ns Ody OO C069 06 per cent. Standard sheet brass 
ANC, 0.0s eee 


is for use in the manufacture of lamps, 
horns, flexible tubes, and ornamental work in general.—Tensile 
strength, hard, about 60,000 Ibs. per sq. in.; elongation, about 5 per 


cent. in 2 ins. Tensile strength, soft, about 48,000 Ibs. per sq. in; 
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UP es is) 83,0060 36.00 per cent 
Lead not to exceed.....,.__ .50 per cent. 
Iron not to EX CCCU Ry eae o -TO per cent, 


-ALLOYS 


elongation, about 50 per cent. in 2 ins. Drawing brass and spinning 


brass are special qualities of brass for the operations indicated by the 
name. 


Low Brass 


Used on account of color, resistance to corrosion and atmospheric 
changes, and on account of superior ductility. 


SPECIFICATION No. 34 
The following composition is desired: 


Copper................... 78.00 to 81.00 per cent. 
LN CN 3 cyte, ek kptind 19.00 to 22.00 per cent. 
Lead not to exceed........ F .20 per cent. 


Tron not to exceed......... .Io per cent. 


Specifications for temper, gage variation, etc., shall be the same 
as for sheet brass. Tensile strength, hard, about 75,000 lbs. per sq. 
in.; elongation, about 5 per cent. in 2 ins. Tensile strength, soft, 
about 42,000 lbs. per sq. in.; elongation, about so per cent. in 2 ins. 


Brazing Brass 


SPECIFICATION No. 35 
The following composition is desired: 
74.00 to 76.00 per cent. 
24.00 to 26.00 per cent. 
-25 per cent: 


Iron not to exceed......... .10 per cent. 


Specifications for temper, gauge variation, etc., shall be the same as 
for sheet brass. This material is used for parts where brazing or 
silver soldering is required. This material has about the same 
physical properties as low brass. 


Free Cutting Brass 


SPECIFICATION No. 36 


The following composition is desired: 


Copper . 61.00 to 64.00 per cent. 
AC ca Saday hu ater tianea “stew os 33.00 to 38.00 per cent. 
Lead te2 5 tOm 2700) pen cents 


=O per icent, 


This grade of material contains lead, which makes it free cutting 
and suitable for work on which machining is to be done. It does 
not bend or form readily, because of its “‘shortness.’’ Specifications 
for temper, gage variation, etc., shall be the same as for sheet brass. 
It has a tensile strength when hard of about 75,000 lbs. per sq. in., 
with an elongation of about 3 per cent. in 2 ins. When soft, its 
tensile strength is about 50,000 lbs. per sq. in., with an elongation 
of about 35 per cent. in 2 ins. 


Red Metal or Commercial Bronze 


SPECIFICATION No. 37 
The following composition is desired: 
88.00 to 91.00 per cent. 
g.00 to 12.00 per cent. 
.20 per cent. 
.Io per cent. 


Coppetewera nose ad welaae « 
ATC Ce Rr er oe 

Lead not to exceed........ , 
Iron not to exceed......... 


Specifications for temper, gage, variation, etc., shall be the same 
as for sheet brass. This material has a rich gold color and is used 
for screen wires, radiators and in other places subject to corrosion. 
It is also used for ornamental parts where its color is desired. Its 
tensile strength, hard, is about 55,000 lbs per sq. in., with an elon- 
gation of about 5 per cent. in 2 ins. Soft, it hasa tensile strength 
of about 37,000 Ibs. per sq. in., and an elongation of about 4o 
per cent. in 2 ins. 
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Gilding Metal 


SPECIFICATION No. 38 
The following composition is desired: 
Copper. erin rear O41 OOltO OOnOompen cent: 
LAN Cnet ooh aches 4.00 to 6.00 per cent. 
Lead not to exceed........ ; -15 per cent. 
Iron not to exceed......... .06 per cent. 
Specifications for temper, gage variation, etc., shall be the same 
as for sheet brass. This material is used for radiators. It has a 
tensile strength of about 45,000 to 55,000 lbs. per sq. in., with an 
elongation of about 5 per cent. in 2 ins. when hard. Annealed soft 
its tensile strength is about 35,000 lbs. per sq. in., with an elongation 
of about 35 per cent, in 2 ins. 


Phosphor Bronze 


Phosphor bronze is composed of copper, tin and phosphorus in pro- 
portions varied to suit the requirements of the trade. Specifications 
for temper, gage variation, etc., shall be the same as for sheet brass. 


Copper Sheets and Strips 


Copper sheets and strips shall be at least 99.50 per cent. pure, and 
shall be either soft or furnished with such roller temper as may be 
specified. 

For Copper in Rolls.—Less than .o60 in. thick, variation .oo2 in. 
under and .oor in. over gage; .o60 in. and thicker, variation .oo3 in. 
under and .oo03 in. over gage. 

For Copper in Sheets——Up to and including 48 ins. wide the varia- 
tion in thickness may be 5 per cent. under or over gage.. Over 48 
ins. in width, up to and including 60 ins. wide, the variation in thick- 
ness may be 7 per cent. under or over. Test specimens cut from 
soft copper sheet shall have a minimum tensile strength of 30,000 
Ibs. per sq. in., with an elongation of at least 25 per cent. in two (2) 
inches for gages not less than .o30 in. thick. 


German Silver 


German silver in rolls and sheets is to be specified according to 
color and service required in the following standard grades: 5 per 
cent., 15 per cent. 18 per cent., 20 per cent., 25 per cent., 30 per cent. 
nickel, the balance being copper and zinc. It will be supplied soft 
or with such roller temper as may be required. 


Brass Rods 
For Cold Heading.—The material shall be suitable for cold work- 
ing, such as the heading of rivets and the rolling of threads for screws. 


SPECIFICATION NO. 39 
The following composition is desired: 


Woppetre carrer . 61.50 to 64.50 per cent. 
ZANGCANER eis aside ee eS SS OLLOn 3 Ou SONDEEECen Es 
Leadinccn ane eee Otto exceed Wcoipericent. 
Tron ater ae eNO LiL ONeERCCEG nO) pebycemty 


The temper shall be produced by annealing sufficiently to give the 
metal the softness required for heading. The material should be 
ordered for heading, and the order accompanied by a sample or draw- 
ing to show the mechanical operations required. This material has 
a tensile strength of about 35,000 to 40,000 lbs. per sq. in., with an 
elongation of about 50 per cent. in 2 ins. 


Free-cutting Brass Rod. 


Material suitable for automatic screw-machine work. 


SPECIFICATION No. 40 
The following composition is desired: 


Copper................... 61.50 to 64.50 per cent. 
ZiNCl ee enon 3 1 50 tOrs 50) PErECent. 
Wetdismtn taster t2c 2 5 C08 3.050" Dek Cente. 
Troma ei NOLELOLexceed) TON pel cent, 
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All free cutting brass rods shall be furnished hard drawn, unless 


otherwise specified for when ordered. ’ 
Rods shall not vary in diameter more than the amount specified 


in the following table: 


Up to and including 3 in., .oo1g§ over or under required 


diameter. 

From # in. to and including 1 in., .oo2 over or under required 
diameter. 

From 1 in. to and including 3 ins., .o025 over or under required 
diameter. 


This material is suitable for automatic screw machine work. Its 
tensile strength is about 65,000 lbs. per sq. in., with about 15 per 
cent. elongation in 2 ins. 


Tobin Bronze. 


Turned and straightened rods for various purposes where strength 
and resistance to corrosion are required; also for hot forging. Rods 
up to and including 1 in. in diameter shall have a tensile strength 
of not less than 62,000 Ibs. per sq. in. Rods larger than 1 in. and 
up to and including 7 ins. in diameter shall have a tensile strength 
of 60,000 Ibs. per sq. in. 

All rods not larger than 1 in. in diameter shall have an elongation 
of at least 25 per cent.in 2 ins. All rods larger than 1 in. in diameter 
shall have an elongation of at least 28 per cent.in 2 ins. The elastic 
limit, or the point at which rapid elongation begins, shall be at least 
30,000 Ibs. per sq. in. for all sizes. 

Tubing 

Tubing can be furnished in copper and the commercial alloys of » 
copper and zinc, such as high brass, bronze, phosphor bronze, and 
’ Tobin bronze. The composition shall be as specified to meet the re- 
quirements of use. The temper of the tubing shall be as specified 
in the order, and may be hard, half hard or annealed. If annealed, 
the tubing may be soft, or light annealed. 

The following variation on inside and outside diameter and the 
thickness of the walls shall be allowed on all commercial tubing: 


Outside and Inside Dimensions 
(Wie THo Fy Miah; TNGMSINGs do Ge anica soos oane .002 in. over or under 
Over 3 in. to and including $in........ .0025 in. over or under 
Over { in. to and including r in........ 
Over 1 in. to and including 1} ins...... 
Over 14 ins. to and including 13 ins... . 
Over 13 ins. to and including 1$ ins.... .0o45 in. over or under 
Over 17 ins. to and including 2 ins..... .oo5 in. over or under 
OV ero hinisuamn ee arta aloes 4 of 1 per cent. over or under 


.003 in. over or under 
.0035 in. over or under 
.004 in. over or under 


No combination of variations on the same tube shall make the 
thickness of the wall vary from the nominal by more than the follow- 
ing amounts: 


Thickness of Wall 


Up to and including ¢ in............. .oor in. over or under 
Over ¢z in. to and including 4; in....., .002 in. over or under 
Over 35 in. to and including 3 in...... .003 in, over or under 
Over 7g in. to and including } in...... . .005 in. over or under 
Over % in. to and including $ in........ .008 in. over or under 


Over ¢ in. to and including 5; in 
Over 7 in. to and including 3 in 


.O125 in, over or under 
.O15 in. Over or under 


On all stock where the above commercial variations are not per- 
missible limits shall be specified in the order. 


Brass Casting Metals 
Rep Brass 
Specification No. 27 


Copper sive. cece eee. . 85.00 per cent. 
ARIS AB crac eRe 5.00 per cent. 
Lead......... Oto ee 5.00 per cent. 


§.00 per cent. 
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A tolerance of 1 per cent. plus or minus will be allowed in the above. _ 


Impurities of over .25 per cent. will not be permitted. 

Notr.—A high grade of composition metal, and an excellent 
bearing where speed and pressure are not excessive. Largely used 
for light castings, and possesses good machining qualities. 


YELLOW Brass 
Specification No. 28 


Copper ....... 05.440 .+. 2.22, 02,00 &0 65.00) pen ceue 
Leads iciicccnsceates.sane 2000 2 OO) Dem tes 
ZAC... Sess cw bc 3 ooo 0 oni e © CGONOE ROS Ee OO pie meetin 


Total impurities in excess of .50 per cent. will not be permitted. 

Nore.—This alloy represents a nigh grade of yellow brass; is 
tough and possesses good machining qualities. Its use is suggested 
in preference to ordinary commercial yellow brass castings, which 
are, generally speaking, a miscellaneous assortment of mixtures, some 
of them containing considerable amounts of iron (from 1 to 3 per 
cent.). This is very undesirable, as it renders the castings liable to 
blow-holes, hard spots and, in some cases, small particles of metallic 
iron. 


Cast Manganese Bronze 


SPECIFICATION No. 29 


Manganese bronze is understood to mean a metal constituted 
principally of copper and zinc in the approximate proportion of 
60 to 40, iron being present in small and manganese in variable 
quantities. Main dependence will be placed upon physical specifica- 
tions. 


60,000 Ibs. per sq. in. 
30,000 Ibs. per sq. in. 
20 per cent. 


‘Tensile strengthit 2 eas. aes. 
Mield point 225578-.-2 aoe ee 
Elongation in 2 ins........... 


Norte.—Manganese bronze is of value for castings where strength 
and toughness are required. Specifications are not severe, being 
easily met by all makers of quality castings. Test coupons should be 
attached to castings made in the sand, the use of chills, special sand 
or artificial methods of cooling being prohibited. This precaution 
prevents the use of inferior metals. 


Aluminum Alloys 
No. i 
Specification No. 30 
Aluminum, not less than..... 
Coppeticane. sash he apes 


g0.00 per cent. 
8.50 to 7.00 per cent. 


Total impurities shall not exceed 1.7 per cent. of which not over 
.2 shall be zinc. No other impurities than carbon, silicon, iron 
manganese and zinc shall be allowed. 

Notre.—This is one of the lightest of the aluminum alloys, possess 
ing a high degree of strength, and can be used wherea toug 1, light 
alloy of these characteristics is required in automobile construction 


No. 2 
Specification No. 31 
Aluminum, not less then......., ; 
4inG; HOU OVEPia cca eee 
Copper, between................ 
Manganese, not to exceed 


80.00 per cent. 

15.00 per cent. 
2.00 and 3.00 per cent. 

-40 per cent. 


wee ee eee 


Total impurities shall not exceed 1.65 per cent., of which not more 
than .50 per cent. should be silicon, not more than 1.00 per cent. iron, 
and not more than .r5 per cent. lead. 

Notre.—This mixture possesses strength, closeness of grain, and 
can be cast solid and free from blowholes. It is a light metal, its 
specific gravity being in the neighborhood of 3.00. 


ALLOYS 


No. 3 
Specification No. 32 


POMBE eles sade cas. ae Sora 65.00 per cent. 
ZANCS AVA be * SEE om eet 35.00 per cent. 


Total impurities in excess of 1.6 5 per cent. will not be permitted. 

Notre.—This is a mixture that can be used where cheap castings 
not to be subjected to any great strains are desired. It is a desirable 
mixture for flat plates, foot-boards, running boards, etc. It is quite 
brittle and will not equal in toughness or strength specifications 30 
and 31. 

On aluminum alloys the standard specimen of reference shall be 
the same as indicated for standard steel tensile test- specimen. 
Test piece shall be tested with the skin on. We recommend a test 
bar 3 in. in diameter at the breaking section and filleted to a 2 in, 
ae threaded end. Fillet should extend for at least 2 in. 
Test bar to be attached to casting, use of chills or artificial means 
of cooling being prohibited. 


100 


90 


Per Cent. of 
Possible Strength 
oO 
o 


70 


0 100 200 800 400 
Degrees above Lowest Possible 


Pouring Temperature 
Fic. 2.—Effect of pouring temperature on the strength of aluminum 
castings. 


Aluminum Alloys 


The design of parts to be made of aluminum castings is subject to 
restrictions which are thus explained by H. W. Grttert (Society of 
Automobile Engineers 1911): 

Owing to certain physical properties of aluminum, such as its 
high contraction on cooling and its weakness when just solidified— 
that is, its hot shortness—aluminum castings require more careful 
design than almost any other casting metal. 

In passing from the molten to the solid state, aluminum contracts 
a good deal; when a heavy and a thin section come next to each other, 
the thin place will freeze first. If the thin section is so situated as 
to lie between a heavy section and a gate or riser the supply of metal 
is thereby cut off from the molten mass in what is to be the heavy 
part of the casting. The contraction of freezing has to take place, 
and instead of taking place uniformly over this heavy part and main- 
taining the exact shape of the mold, it will often draw away from a 
corner and produce a shrink. We can induce the heavy portion to 
freeze more quickly by placing the chill in the mold at that point, 
but it is difficult to accomplish the end completely by this method; 
it greatly increases the time required to put up the mold and produces 
unsightly chill marks on the casting. 

The ideal casting, therefore, is one of as nearly uniform section 
throughout as is practical, since that means that the whole casting 
solidifies at the same time, so that contraction is uniform. 

On account of the hot shortness of aluminum the shrinkage strains 
set up when a heavy section joins a thin one often cause the metal 
to give away entirely at that point, and a crack appears. If it is 
inevitable that light and heavy sections come together, the cooling 
strain should be distributed by joining the sections by a smooth 
curve, that is, a liberal fillet. 
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There is no one factor in foundry practice that more gravely 
affects the strength of the casting than the pouring temperature. 
The reason for this again, is, the speed of crystallization. The cooler 
the metal can be poured into the mold the more quickly it solidifies 
and the less time the crystals have to grow or arrange themselves, 
and the result is a mass of closely interlocking crystals forming a 
strong fine-grained material. 

The effect of pouring temperature was well shown by a set of test 
bars, all of which were cast from the same pot of metal with exactly 
similar molds, the only variable being the pouring temperature. 
The average results obtained in this series of tests are given in Fig. 
2, which shows that the lower the pouring temperature the stronger 
the casting. 

This has a distinct bearing on design, since the lowest temperature 
at which a casting can be poured is that to which the thinnest sec- 
tion will just escape a misrun. If the casting is so designed that this 
crucial section compels hot pouring, all of the thicker parts will freeze 
too slowly and will be weaker than they should be. By slightly 
increasing the section of the thinnest parts, a casting can often be 
poured too deg. colder and the strength of the whole casting be in- 
Crapsed at least 10 per cent. If the bulk of a casting is from 4 to 
3 in. thick, one little part $ in. thick will give a resultant casting, 
on account of the high pouring temperature required, whose average 
strength is about 16,000 lbs. per sq. in. instead of 18,000 Ibs. or 
over. The call for lightness has led many designers to overlook 
this vital point. 

The great influence of the pouring temperature is the reason why 
separately cast test bars show only the quality of the ingot metal 
and nothing at all as to the strength of the corresponding casting, 
even though the test bar and casting may be poured from the same 
pot of metal. Aluminum test bars should be made on the castings. 
Were this stipulation not made the foundryman who wishes can 
pour the casting as hot as he pleases, allow his metal to cool way 
down and then pour separate test bars which will then show an utterly 
fictitious strength in comparison with the casting. 

The general lack of attention to pouring temperatures, not only 
in commercial practice, but in most of theinvestigations on aluminum, 
vitiates many of the published data on aluminum alloys and accounts 
for a great many irregulatities and seeming contradictions in the 
results. In comparing the different aluminum alloys, really compar- 
able results can only be obtained by pouring at the same number of 
degrees above the melting-point of the particular alloy in question 
in all cases, thus allowing the same time for crystallization and 
producing an analogous condition. 

Core work always means trouble. It takes time to set cores in 
the mold correctly, and if a lot of small cores are used the danger of 
shifts is greatly increased. If, on the other hand, large cores are 
used, they must be made hard enough to allow handling them and 
setting them in the mold, which requires not only a solid core, but 
one reinforced by iron rods and wires. This makes them hard to 
crush, and on large cores inside of thin walls of metal, introduces 
danger of cracking. When we have a core completely surrounded 
by walls of metal it is a question whether the tensile strength of the 
metal as it solidifies is greater than the compressive strength of the 
core. Let the core be ever so slightly too hard and the casting is 
inevitably ruined. 

If cores must be used, the core prints should be large and deep, 
so as to anchor the cores firmly without the use of chaplets to hold 
the cores in place, since it is impossible for the molten metal to fuse 
a chaplet into the body of the casting, without pouring at a tem- 
perature far above that necessary to give the greatest strength. 
When a job requires cores, the first question that should be asked by 
the patternmaker is if that pattern cannot be made so as to allow 
the use of green-sand core, or at least a green-sand half. Green 
sand will crush and give away when the casting contracts on cooling, 
where a hard, dry sand core will not crush and will crack the casting. 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


2 Y 
Castinc ALLOYS SPECIFIED BY THE BUREAU OF STEAM ENGINEERING, U. S. Nav 
{ 


Composition by percentage 


yead i 
Name oe ae * Miscellan- 
Copper | Tin Zinc maxi- maxi- ce 
mum mum 


Purposes for which suitable 


Name and number plates; cases for 
instruments; oil cups; distributing 
boxes. 


Commercial brass..... 64-68 |...... 32-34 2.0 Eye pt iGsetoosncgs 6 


Brazing metal.........| 84-86 |...... Rem. .06 wgW Ce steaetetsrere) aes las hoe eee 
All composition valves 4 ins. in dia- 
meter and above; expansion joints, 
flanged pipe fittings, gear wheels, bolts 
and nuts, miscellaneous brass castings, 
all parts where strength is required of 
brass castings or where subjected to 
salt water, and for all purposes where 
no other alloy is specified. 
Composition valves: Safety and relief, 
feed check and stop, surface blow, 
drain, air, and water cocks, main stop, 
throttle, reducing, sea, safety sluice, 
and manifolds at pumps. 
Condenser 
Distiller 
Feed-water 
heater. 
Oil cooler 
Pumps: Air-pump casing, valve seats, 
buckets, main circulating, water cylin- 
ders, valve boxes, water pistons stuff- 
ing boxes, followers, glands, in general 
the water end of pumps complete ex- 
cept as specified. 
Stuffiing boxes: Glands, bushings for 
iron or steel boxes. 
Blowers: Bearing boxes. 
Journal boxes: Distance pieces. 
Miscellaneous: Grease extractors; steam 
strainers, separators, casing for stern 
tube and propeller shafts, propeller hub 
caps. 
Bearings: Main, stern tube, strut and | 
spring. 
Spring bearings: Glands and baffles 
Reciprocating engine: Intermediate and 
low pressure relief valves and casings, 
crosshead brasses, crank pin brasses, 
eccentric straps and distance pieces. 
Journal bronze........ 82-84 | 12.5-|2.5-4.5 . 06 TALOL MI NSicceyetcberoreh reat Journal boxes, guide gibs, bushings, 
I4.5 sleeves, slippers, etc. 
: Reciprocating engine: Valve stem cross- 
head bottom brass; link block gibs, 
suspension link brasses. | 
Manganese bronze..... 57-60 -75 | 37-40 DROW Ml. Sorcnr ce Aluminum, | Propeller hubs, blades, engine framing, 60,000 30,000 20 
0.5; man-| and composition castings requiring | 
ganese 0.3. | great strength. : 
| 
/ 


30,000 | 15,000 15 


Gia Bronze <. . 2... s 50 + 87-89 | 9-II1 I-3 .06 BY Ee 9 Seinrcsts oat 


— wien .6 
Muntz metal........ Be SOTO? Me sciere\e BOaAE | Ne cre ‘sade ata, sealed aaa 


Heads, shapes, and water | 
chests. 


Cast naval brass.......| 50-63 |.s-1.5| Rem. . 06 SO A lintercostubhci care oe Valve handwheels, hand-rail fittings, ; 
ornamental and miscellaneous castings, | 
and valves in water chests of conden- 


- 
} 


sers. 
Phosphor-bronze ..... 80-90 | 6-8 Rem. . 06 2 Phosphorus, | Castings where strength and incorrod- | 40,000 20,000 20 
: ; : a ibility are required. 
crewpipefittings,brass| 77-80 4 I3-19 vt 30), Almere know a | For composition screwed HttieS. . we 


Fusiste ALtoys 


Alloys | Bismuth | Lead Tin | Cadmium nett a 
point 

Deg. Fahr. 
Newton’s... . 50.0 31.25 Roa I RA oe acre 204 
JROSCIS vane. 50.0 ASaO |: SA One one 212 
Darcet’s, . J... 50.0 25500: | 26.66 in eee 200 
Wood’s..... 50.0 24.00 14.00 12.00 160 
Lupowitz’s.. 50.0 27.00 | 13.00 10.00 140 


WEIGHT OF MATERIALS 


TABLE 1.—SprEciFic GRAVITY AND WEIGHT oF METALS TABLE 2.—SPEcIFIC GRAVITY AND WEIGHT oF Woop 


Weight in lbs. of : F ; i F 
‘eae Specific f Ee oe se Specific gravity | Average f ee 
grevaty Cu: ft. | Cu. in, lb. IOs cbncdae aane nor -56 to .80 68 42 
saa act ; Appletivn sqrt stoner -73 to .79 -76 47 
INUM—cast..............2-2 66. .569 160 - 003 10.80 ASH a Suara seacte trees .60 to .84 +72 45 
Aluminum—wrought Boonie Cheer 2.681 167 207 10.35 Bamboowsssetetn ma aes «31 to .40 +35 22 
Aluminum—bronze PAB OR CSS Aaa Ce 7.787 485 .281 3.56 Beechmaten nei ith ont: .62 to .85 nTS 46 
Antimony SRS Ha SCOR CSE ARO ee ane 6.712 418 .242 7 &} Birch sy mae rite akers 56 to .74 -65 41 
Arsenic AE RE AG ah TO CDIG OE LCReTO HER Teh Boi 5.748 358 .207 4.83 ROG om ls hears rcs e 19G- tO) 1633 Cee} 70 
HSIN OH aemratera Wo) cisiela, scales = iaisvowsysie avy 9.827 612 +354 2.82 Wedarte rnc» facies TA9tON 75 -62 39 
from 7.868 490 284 3.53 Cherryzarcmnc sealer - .61 to .72 .66 4I 
Brass—cast............... to 8.430 525 304 3.29 Ghestuciteamens seen ce .46 to .66 .56 35 
average | 8.1009 505 +202 3.42 Ook ae mee ticks aaa 24 .24 15 
Brass—Muntz-metal................ 8.221 512 . 296 3.37 Cypress seriiesere: -41 to .66 +53 33 
Brass—naval (rolled)................| 8.510 530 -307 3.26 Wop wood ase .76 .76 47 
Brass—sheet Sets piarcihs qfowtereetic ts. siStn 8.462 527 .305 3.28 Ebonyac eee ee 1.13 to 1.33 1.23 76 
BEASS———WILGS 5,915 515,646 045 2 64 ne aude sie-# es 8.558 533 -308 3.24 FS lenovo eh incieak eett teva a .55 to .78 .61 38 
{ from 8.478 528 306 3.27 Binns cites axaetecare osc -48 to .70 -59 37 
Bronze (gun-metal)........ i to 8.863 | 552 SO) || Sok Gunster ee. .84 to 1.00 .92 57 
‘ average| 8.735 544 -315 3.18 Hackmatack.......... .59 -59 37 
ROpMen— CAS tale iy ajasetre cimalay sees aa e 8.622 537 =3rr 3.22 Hemlock aes ea cee: -36 to .41 +38 24 
Copper—hammered................. 8.927 556 .322 Ta g Hickory an eae ee .69 to .94 77 48 
RGODDET——SUEEU Foe Sa ce cin ee eis aera tiers 8.815 549 -318 Sets Holly ac. acne 76 .76 47 
Wopper—Wwireiss.. 22 oecws cae cee ewes 8.805 554 -g2t 3.12 Hornbeam............ 76 .76 47 
ESOT TTT Vier ie CREME oo eee I9.316 1203 - 696 I.44 Wuniperserean | eae .56 .56 35 
Gold standard 22 carat fine.......... 17.502 1090 -631 I.59 Tarchivctee ene ate. .56 .56 35 
(Gold 11—Copper 1) Lignum vitae.......... -65 to 1.33 I.00 62 
from 6.904 430 -249 4.02 Linden semadnrkat sete S604 Mme: ob | reece eset 37 
TTOH—— CASE coc cock ~ ote to 7.386 499 . 266 3.76 Mocustaciens. « .trstiresanyers T2B. ee cocvevatensuss aps 46 
average 7.209 464 - 260 3.85 Mahogany........... .56 to 1.06 81 51 
| from 7-547 470 272 3.56 Maplevas wicionttriie .87 to .79 .68 42 
Iron—wrought............ to 7.803 486 . 281 3.68 Mulberry ae eneete .56 to .90 .73 46 
| average] 7.707 480 .278 3.60 Oak Lives sce .96 to 1. 26 1.12 69 
CAG — CAGin ceases sacinincwGe es cs ses 11.368 708 -410 2.44 Oak Witte w= eaeneee -69 to .86 Sig 48 
MICA ——BRCOB ee oo wis got cco eR be vic winless II.432 712 .412 2.43 Oak! Redi =... .chincn .73 to .75 -74 46 
(UES (eRe a ec 8.012 499 . 289 3.46 Pine, White.......... LO tte GG -45 28 
RC KEE——CAGbacicrn ticiais.cs 6.0 ouels sia s ade 8.285 516 . 209 3.35 Pine, Yellow.......... -46 to .76 OL 38 
iotel 2 2S fo) Ls ee 8.687 541 -313 3.19 Poplarpecre: cecen ee 739) tOm SS -48 30 
BPE TATA Gre oy sfatea)s eis oo 208 leo 21.516 1340 775 I.29 Sprucestn career .40 to .50 .45 28 
DS RLEE Mater tater sae) o (nara (er aie\'s./avol acors war's ers 10.517 655 3379 2.64 Sycamore............ .59 to .62 .60 37 
from 7.820 487 +282 3.55 Teales eget cia oan iohe -66 to .98 .82 51 
SHUSE 55 4Ree cone oreo to 7.916 493 285 3.51 Walnutwaderena ora .50to .67 -58 36 
: average | 7.868 490 284 3-53 Willowkancesraes ss on -49 to .59 -54 34 
Sie Ps ae. otter Naki are v, 772.8 ea, 01eyeaaie coe 7.418 462 . 267 3.74 ss a 
White Metal (Babbitt’s).............. 7.322 456 . 264 3.79 
ANC ——CABE aa .s Saiche aioe stores osc twie Si oes 6.872 428 . 248 4.04 
itie=—-CHeeti ee oiiicle oo 4 oir os ss aetna = 7.209 449 . 260 3.85 
TABLE 3.—WEIGHTS OF IRON, BRASS, AND CoppER WIRE 
Birmingham or Stubbs gage 
No. of Dia. in Weight in lbs. per 1000 linear ft. No. of Dia. in Weight in Ibs. per 1000 linear ft. 
gage | in. Tron | Brass | Copper gage in. Iron Brass | Copper 
Sango.) | 454 546.21 589.20 623.2 17 -058 8.92 9.63 ape 
18 .049 6.36 6.86 7.259 
000 -425 478.65 516.41 546.1 
00 .380 382.66 412.84 436.6 uo anes 4sOF nace see See 
20 .035 3.25 3.52 3.704 
t) -340 306.34 330.50 349-5 Bae 3.096 
I .300 238.50 257.31 272.1 21 .032 2.71 .93 
2 .284 213.74 230.60 243.9 22 -028 gern 2.24 Se 
3 .259 177.77 191.79 202.8 23 .025 is I.79 5 : 
2 022 I. 28 1.39 1.463 
4 . 238 150.11 161.95 17163 4 
6. 25 .020 1.06 Pore I.200 
5 220 128.26 138.37 140.3 8 86 926 -979 
6 203 109.20 117.82 124.6 26 oe yes ; 
7 .180 85.86 92.63 07.96 27 016 .680 ie ee 
8 .165 72.14 77.83 Ao. zt ieee oe 48 “$11 
9 .148 58.05 62.62 6G..43 ¥ aes Oe pe a 
10 -134 47.58 CRORE ad - oe Oe te “302 
II .120 38.16 41.17 43-54 a in iS 4 
12 . 109 31.49 33.97 35.92 32 See SI ae ae: 
13 . 095 23.92 25.80 Lit 9 ee ea : . 148 
8 34 .007 Sine | .I40 4 
14 083 18. 26 Oe. Pees an 066 071 .075 
15 .072 13.73 14.82 15.67 35 ate oes 046 048 
16 .065 II.19 12.08 12.77 36 -004 4 5 
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TABLE 4.—WEIGHTS OF SEAMLESS Brass TuBING PER LINEAR Foor, Ls. 
1 to 23 Outside Diameter. Nos. 1 to 25 Stubbs Iron Gage 
; Z 3 274 

Nowoi gage (0 | Fl ae fd (wel ee | ee] 2 8 | oe pad oe a 
i 300 cs Bean ep Seed ee 2.42 | 3-28 | 4.10 | 5.03 | 5.88 | 6.75 | 7.62 
2 284 I cruise, oil's iach elt Stee Peete lftetecanod| oa eretears Wee ¢ 2.35 | 3.16 94.03 1:-4.80:4 5657 | O.Ag ey ees 
3 Din, © een nae apes oeteeo qos aloe acl cor Gort ec 1.85 |2.22 | 2.98 | 3.72 | 4.48 | 5.23 | 5.00. 1 6.72 
(i PERL heel Sige ts Maes ao te omelets ecealbcoallaacaloce ov 1376 |2.516| 2279 13-404. 4.450 Pao | 5o52 [6225 
. | | a5 

5 220 Ties teil cieepev dle eee a beasoyseh tot ae tal Spee 25 ee MGR ence 1.68 |1.99 | 2.60 | 3.26 | 3.89 | 4.53 | ea tat 
6 203 | 1.00 |1.29 |1.58 |1.88 | 2.46 | 3704 | 3.60 | 4.20 | 4.80 | §.39 
7 180 Saealas afk te affevew seca cilfe tie olin ers elatae =|) SOO ME SEO OE Aa. Eee | e2isces ct pment a ego eter see re 
8 .165 saeailaagaliosie since (efOls 52 |.04 |a97 | 87 [I Teale 35 [ogo |) 24o7 en o4 dt O2 Le cone ere 
9 .148 wareaille wane fern ayellieore «lie SO NAO (OD 9 | .82 |nIO4 Dn. 25 [ee 4G | ee Soo ye ae eae eee ore eee 
Io Sey Ssinlee ethos. oa 38" 40: 1258 |.65 | 277 | .00 5.50 12.35 | 5.74 ol Sect See beeen 

| ! 

II .120 Lnane|oare elo [2030 45 43). | 53 aOk | 270 Nl OF Nae Os, eee a) ae oe are | F287 | 2.16 2.96 | 3.31 
12 © 500) See LT 250i. 3341-403. 40-570) O50) 1 80e ake Woe TAZ | E270 | asoy | 2539 | 2. 90-1). 3s 
13 .095 seefe++-|-270].237|.306|.377]-445].514] .580] .717| .855|1.00 | 1.27 | 1.55 | 1.82 | 2.09 | 2.37 2.65 
I4 .083 1 ++./++..[.160].220]. 280). 340]. 400].460| .520] .640] .760] .88 | r.12 | 1.36 | 1.61 | 1.84 | 2.08 | 2.32 
I5 .072 ....].096].144]. 201]. 251|/.303].355].4009] .461| .564| .667| .77 -99 | I.19 | 1.40 1.62 { 2.81 | 2.62 
16 .065 -045].092|.138]. 186). 232].279|.326|.372| .420| .515| .609] .70 .89 | 1.07 | 1.26} 1.45 | 1.64 1.82 
17 .058 -044].087/.128). 169]. 212].255].295].338] .380] .463| .548] .64 5O9 4 5.07 | 1.14 | 1.30 | 1.48 | 1.64 
18 .049 043.078]. 113/.150].183].220).255].291| .325| .397| .467 -54 .67 .82 | =96] E.t0 | 2.24 ] n23g 
19 .042 -040].070}. LOI}. 130). 161|.193].22T/.252] .282] .343] .404] .46 .58 -71 | .83] -95 | 1.07 | 1.19 
20 .035 .036/.062|).086).113/.136|.163/.188).214] .238] .289| .339 -39 -49 So4.. 69-4) 38a .893) 1.00 
21 .032 -034].057/.081|. 104/.128).151/.173/.196] .219] .266| .312| .357 -450| .542| .635 727) .820) -913 
22 .028 -031}.051/.072].093).112/.133/.152].174] .192| .233] .275 -315) .396| -477| .556) -638) .718] .799 
23 .025 -029}.047/.066/.082). 102]. 119/.136].155} .173] .209 -245 - 281) -354| .426; .497) .57%; 641 714 
24 . .022 -026}.042/.058].074).090].107|.121|.137] .154| .186| .218 -249, .312| -376| .438 .502) .566| .629 
25 .020 -024!.039].052}.068).081).096!.110/.126| .140] . 169 -197] .226| .285] ~.342 - 399 457, - 516} .573 


For weights of seamless copper tubing, add 5 per cent. to the weights above. 


TABLE 5.—W EIGHTS OF STEEL HEXAGON AND — 
c OcTAGoNn BARS 
: TABLE 6. WEIGHT OF SPHERES OF VARIOUS METALS 


Dia. or dis- . Di i 
Weight per ft.,!bs, || Dia. or dis-| 45, : eight i 
tance across ees ‘ tance across BUSI erat tes Diameter lw h weet = pounds 
ae ss rought / 
flats Hexagon | Octagon flats Hexagon Octagon Sap pee Steel | “ttt / Cast-iron | Copper Brass / Lead 
3 es oe / 
s ee be oy cee 6.905 I .146 -142 | .134 | 166 ISS 213 
3 ; I 7.77 7.446 
te 7103 - 099 rit 8.302 8.027 at “er art ) sae —o = a 
: ; a 1.07 zs | r.2 ‘ 
i: oe 7 1} 9.025 8.635 2} 2.26 cE / 2 : 2 oe } 2 f pe 
2 ary, 1} 9.682 9.264 3 3.9 a8 —% Pie a 
. | | . / . 4. Ss 
3 “414 | .308 1} 10 | | | 
. 36 018 : | rs 
ws +564 +542 1345 II.06 er Ss ae oe se ab pe pi 
} wee one : aod ta aj el 9 8.6 10.6 |} 9-9 13.6 
ts jese “806 2h 13.31 Cad 5 18. ae } BRsS ed EG eae 19.5 
i ace : “5 18 17 2I 
5 I, 107 2} 14.092 14.24 54 24.4 23.7 22.6 7 > mi ni 
: 22. 27.7 | 25.9 35.5 
T.393 j Masoil 2} 16.62 I 
: 5.88 
i 1.658 1.584 2} 18,42 17.65 % Pa Se: eg. * ae 
# 1.944 1.860 24 20.31 feuER i - 39 | 36 45.7. °| aes | Bee 
4 Zn 250) 2.156 2} 22.20 21.28 + Pes pa 2 | rae a 3-3] 173 
aoe Beas an aay poe : ou oea 7 70.3 65.7 | 90.3 
75.2 73 69 85 | 79.4 1090 
I 2.947 2.817 3 26 | 
153 25. 36 8 : | 
Its Jacky 3.182 34 28.78 27.50 : nh sal, 3 |, | meats seed 
1} Pet a 56S ag 9 107 104 08.1 I2r | 113 I 
ar ie 32.0 29.28 of 126 122 | * 
4.15 3.077 33 33-57 | 32.10 10 6 a Meseee ws) |p 133.0 | tease 
it 4.605 Tee 4 5 T4 142 | 448 166 I 2r 
36.10 34.56 to} 160 16 me : 
a 5 156.5 193 180 284 
5.077 4.858 3k 
38.73 37.95 / 
ie 5-571 5.331 3t 41.45 30.68 at a ES oF ve | cea Tae 
1} os eo2 5.827 34 44. 26 42.35 12 a pois as | 253 | 830-41 338 
6.631 6.344 4 47.16 45.12 4 i a = beeen ae 
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TABLE 7.—WEIcHTS or SHEET IRON, STEEL, CopPER AND BRASS 
Birmingham Gage American or Brown & Sharpe gage 
Narot gage Thickness in Weight per sq. ft. Novos aNnsbacee Weight per sq. ft. 
is Steel | Iron | Copper | Brass gage in ins. Steel | Iron | Copper | Brass 
S200 454 18.5232] 18.16 | 20.5662] 19.4312 0000 . 460000 18.7680 18.4000 | 20.8380 | 19.6880 
900 +425 I7. 3400] 17.00 I9. 2525] 18.1900 000 . 409642 16.7134 16.3857 18.5568 iS eUY 
et) +380 15.5040} 15.20 | 17.2140] 16.2640 00 . 364706 14.8837 14.5918 | 16.5253 | 15.6133 
° +340 13.8720] 13.60 15.4020 14.5520 0 324861 13.2543 12.9944 14.7162 13.9041 
I +300 12.2400] 12.00 13.5900] 12.8400 I . 280207 II. 8033 II.5719 13. 2052 12.3819 
2 . 284 ¥0.5872) 11.36 12.8652] 12.1552 2 . 257627 10.5112 10.3051 II.6705 Ir.0264 
3 +259 10.5672] 10.36 II.7327| 11.0852 3 . 220423 9.3605 9.1769 10.3929 9.8103 
4 - 238 9.7104) 9.52 10.7814] 10. 1864. 4 «204307 8.3357 8.1723 9.2551 8.7443 
5 +220 8.9760] 8.80 9.966 | 9.4160 5 . 181940 7.4232 7.2776 8.2419 7.7870 
6 +203 8.2824) 8.12 9.1950| 8.6884 6 . 162023 6.6105 6.4800 7.3396 6.9346 
7 180 7-3440| 7.20 8.1540] 7.7040 7 - 144285 5.8868 5.7714 6.5361 6.1754 
2 = 165 6.7320} 6.60 | 7.4745] 7.0620 8 - 128490 5-2424 5-1396 | 5.8206 | 5.4904 
9 -148 6.0384) 5.02 | 6.7044 6.3344 9 - 114423 4.6685 4.5769 | 5.1834 | 4.8973 
zy -134 5.4672] 5.36 6.0702] 5.7352 10 - 101897 4.1574 4.0759 4.6159 4.3612 
we -120 4.8960} 4.80 5.4360] 5.1360 Ir 090742 3.7023 3.6207 4.1106 3.8838 
12 . 109 4.4472| 4.36 4.9377] 4.6652 12 . 080808 3.2970 Sn2323 3.6606 3.4586 
13 +005 3.8760) 3.80 4.3035| 4.0660 13 071962 2.9360 2.8785 3.2599 3.0800 
Le - 083 3.3864] 3.32 3.7599] 3.5524 14 064084 2.6146 2.5634 2.9030 2.7428 
Is 072 2.9376] 2.88 3.2616] 3.0816 15 . 057068 2.3284 2.2827 2.5852 2.4425 
16 .065 2.6520] 2.60 2.9445| 2.7820 16 . 050821 2.0735 2.0328 2.3022 2.L7 sic 
17 058 2.3664) 2.32 2.6274] 2.4824 17 -045 257 1.8465 1.8103 2.0501 1.9370 
18 049 I.9992| 1.96 2.2197| 2.0072 18 - 040303 1.6444 1.6121 1.8257 I.7250 
19 042 I.7136| 1.68 1.9026] 1.7976 19 - 035890 I. 4643 I.4356 1.6258 I.5361 
20 .035 1.4280] 1.40 I.5855| 1.4980 20 031961 1.3040 I.2784 1.4478 1.3679 
20 032 1.3056] 1.28 I.4496| 1.3606 21 . 028 462 1.1612 I.1385 I. 2893 1.2182 
22 028 T,TA2A|\ Tare I.2684| 1.1984 22 - 025346 I.0341 T.0138 1.1482 1.0848 
23 025 I.0200| 1.00 I.1325| 1.0700 23 022572 92004 -90288 | 1.0225 96608 
24 022 8076 .88 .9966 .9416 24 . 020101 .82012 80404 91058 - 86032 
25 020 8160 .8o0 -9060 . 8560 25 - 017900 + 73032 «71600 - 81087 -76612 
26 ors 7344 72 .8154 .7704 26 -OI594I -65039 -63764 72213 ; -68 227 
27 o16 .6528 -64 .7248 -68 48 27 - 014195 -57916 - 56780 - 64303 .60755 
28 or4 5712 56 .6342 £5992 28 012641 «51575 +50564 .572604 -54103 
29 013 5304 52) - 5889 -5504 29 + O11257 +45929 -45028 - 50994 - 48180 
30 o12 4806 -48 +5436 . 5136 30 + 010025 - 40902 -40100 -45413 +42907 
3r .010 -4080 -40 +4530 .4280 Bu - 008928 - 36426 -35712 - 40444 .38212 
ai . 009 3672 -36 4077 .3852 32 - 007950 - 32436 .31800 . 36014 -34026 
33 008 3264 -32 .3624 +3424 33 . 007080 . 28886 . 28320 - 32072 «30302 
34 - 007 2856} .28 -3171| 2096 34 - 006305 25724 25220 . 28562 - 26985 
35 . 005 2040 .20 .2265 . 2140 35 - 005615 + 22909 - 22460 «25436 «24032 
36 . 004 . 1632 .16 .I812 .1712 36 - 005000 . 20400 . 20000 . 22650 21400 
3 7 : 37 - 004453 . 18168 ~17812 . 20172 «19059 
SPECINC PTAVILIES., 6.6 oS e.sisfelejqeisiers eee | 7.85 pai) 8.72 8.24 38 003065 16177 . 15860 “17962 Preeee 
Weight of a cubicfoot...............| 489.6 |480.0 |543.6 |513.6 39 003531 - 14406 - 14124 - 15995 15113 
Weight'ofa cubicinch.....5.5..2.... 2833 - 2778) .31460| .2072 40 003144 12828 12596 14242 | .13456 
TasBLe 8.—WEIGHTS OF FLAT SIZES OF STEEL IN POUNDS PER LINEAR Foor ay 
eee © eee se | ct | ee | ad | ct. | 2 | 2k | 2k | ot | 3 34 44 es 6 
t E3206}, .320)..372| .420 .479| . 530 585] GCAO 7A SeIO5O) O55 el.O70 f. Lon) Bu2S) | DAO ulet. 70 meen emeae sO 
i POZO ACO 5 Solo 020|l W7D5|e, 700) 0075! 8.000) E.52)) 1.28. | 1.43.) 2,001) 5.76) 1.192.) 2.24. | 2/550) 3. 20m 3 183 
4 Oommen s OAC As Cs O52, O50, ,00 It, 07) at. 28 | T649 | 91.70 | TsQL | 2.13 | 2234 | 2.56.) 2.08 || 3.40 | 4.26) | ss ure 
25 531) .605| .800] .920|1.06 |1.20 |1.33 |1.46 | 1.60 | 1.86 | 2.13 | 2.39 | 2.06 | 2.92 | 3.19 | 3.72 | 4.25 | 5.32 | 6.38 
i .638] .798] .g60/1.12 {1.28 |1.43 |1.59 |1.75 FORM 22SniWenee eo O70 es 20 loa sTales a3 | Adon mm, 1On| OsAOmlmeOO 
ik W7AA -OSLIL+12 |0-30 |L.49 |1.67 11.86 |2.05 |\"2.23 | 2.60} 2.98 | 3.35 | 3-72 |-4.09 | 4.46 | 5.21 In5.05 | 7.44 | 8.02 
2 £.07 |1.28 |r.49 |1.70 |1.91 |2.13 |2.34 | 2.55 | 2.98 | 3.40 | 3.83 | 4.26 | 4.68 | 5.10 | 5.96 | 6.80} 8.52 |10.20 
35 MoONT AAT O7 El teOn i2etselaegon2.030| 2.07 3.35 || S663 | 4080 || 4.78 | 5.20 | Sa7an O60 | 72059) O.50 it re5o 
g TOON te SON ee t20|2630 12,00 112:92"\93510 | 3.72 | 4.20 | 4.70. | §.32) 5.00 | 6630)! 7544) 8. 52) nO. 04a Ta. 76 
TT eee sheee 1.76 |2.04 |2.34 |2.63 |2.92 13.22 | 3.52 | 4.09 | 4.68 | 5.26 | 5.84 | 6.43 | 7.01 | 8.18 | 9.35 |11.70 |14.00 
3 .|2.23 |2.55 |2.86 13.19 |3.50 | 3.83 | 4.46 | 5.10 | 5.74 | 6.40 | 7.02 | 7.65 | 8.92 |10.20 |12.80 [15.30 
43 PALEI2 704s LLalg.450(3.00 | 4-04. || 4.83 | 5.53 | 6.22") 6. 0r'| 7.60 | 8.20 | 9.67 |xr. ro |13;. 80) 116.400 
z 12.98 13.34 |3.72 |4.09 | 4.46 | 5.21 | 5.96 | 6.70 | 7.46 | 8.19 | 8.94 |10.42 |11.92 |14.92 17.88 
Si GIB sfotel ln ok cath (Ren (RIE HeetO 13450113498 14.38 14078 | 5.58 16.38 | 7.07 17.07 | 8.77 | 9.50 | 12.20 |12.80 |15.90 |T9.10 
EAM er ABE, oe ilo cteue ile ate etoile Zieve.« 3.82 14.25 |4.68 | 5.10 | 5.96 | 6.80 | 7.66 | 8.52 | 9.36 |10.20 |I1.92 |13.60 |17.04 |20.40 
rey |o oxtellataGale coral Grea rari! loom 4.78 |5.27 | 5.74 | 6.71 | 7.65 | 8.61 | 9.59 |10.54 |zr.48 |13.41 |I5.30 |19.17 |22.95 
es ected soe aelheiie tgein |e ee este cocoa eer eee » 5.85 | 6.38 | 7.45 | 8.50 | 9.57 |10.65 |11.71 |12.76 |14.90 |17.00 |21.30 25.61 
ee Rn TS eae ohev's, 6 cv sicaiais lfoveee! ot fle draie, 3, [isoert + 7.02 | 7.67 | 8.94 |10.20 |11.49 |12.78 |14.04 |15.30 |17.88 |20.40 |25.56 |30. 
al sree ose lex sleep feces othe’ 20 |II. 4 +78 |E 6 (a 
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TABLE 0.—WEIGHTS AND SECTIONAL AREAS OF SQUARE AND ROUND STEEL Bars. By THE CARNEGIE STEEL Co. 
9 
Thickness or | Weight of Weight of Area of Area of Thickness or | Weight of Weight of || Area of Area of fs 
diameter in | [_|bar 12 ft. | O bart ft. L]barin | O Bar in diameter in | (| bar 1 ft. | Obar 1z ft. Libarin | Obarin 
ins. long long sq. ins. sq. ins. ins. | long long sq. ins. sq. ins. 
o ts 34.55 27.13 || 10.160 7.9798 
te 013 .O10 .0039 .0031 4 35-92 28.20 10. 563 8.2958 
2 .053 042 .0156 .0123 aa 37.31 29.30 | 10.973 8.6179 
3 119 004 .0352 .0276 3 38.73 30.42 II.391 8.9462 
& 40.18 31.56 11.816 2806 
4 212 .167 .0625 .O4QI 3 
& 333 .261 .09077 .0767 3 41.65 go, 9% ! 12.250 9.6211 
” .478 +375 - 1406 . 1104 vs 43-14 33-90 12.691 9.9678 
.651 Atsgere - 1914 .1503 4 
44.68 35.09 13.141 10.321 
AL 
16 46.24 36.31 13.598 
3 .850 .667 . 2500 .1963 3 one 
i | 
i 1.076 .845 .3164 . 2485 3 47.82 | 37.50 14.063 II.045 
: 1.328 1.043 - 3906 . 3068 43 | 
i i 49.42 38.81 14.535 II.416 
3 1.608 1.262 -4727 .3712 t 51.05 40.10 15.016 
: : 5 11.793 
ig 52.71 1.40 
_ 1.913 I.502 .5625 -4418 bes a eae 
i pits 1.763 .6602 -5185 4 54-40 | 42.73 16.000 12.566 
; 603 2.044 5705 0lm ee OOLS as 56.11 | 44.07 16.5 6 
8 2.989 2.347 .8789 - 6903 4 57-85 | 45.44 Rat? ee 
: : ; 13.364 
is 6 | ) 
3.400 2.670 1.0000 . 7854 ; ae ‘Bales Ba? 
3.838 3.014 1.128 . 886 | 
t 4.303 2 a 2 61.41 48.24 18.063 14.186 
3-379 1.2656 -9940 is 63.2 66 | 
ts 4.795 3.766 I. 4102 1.1075 3 6 se = i sie 14 Oy 
7 as SI-Ir || 19.141 15.033 
in Sie 4.173 1.5625 I 2272 ; Be | a ae: = Bet bn 
5-957 4.600 B72. 7 1.3530 3 ) 
: 68.8 
3 6.428 5.049 1.8906 1.4849 9 thi ping, erie ati 
Te 7.026 5.518 2.0664 1.6230 Ps cea, 5 toe 70.349 
. me 72.73 57.12 ) 21.391 16.800 
a pee 6.008 2.2500 1.7671 we 14-79 58.67 | 21.973 17.257 
16 301 6.520 2.4414 I | 
; -9175 2 | 
8 8.978 7OGT 2.6406 2.0739 rf es | oe || 22.563 17.721 
5 9.682 7.604 2.8477 2.2365 ; oo / 1.84 | 23.160 18.190 
is eed 63.46 || 23.766 | 18.665 
8 tan 8.178 3.0625 | 2.4053 “iti 65.10 | 24.379 | 19.147 
: ae 8.773 3.2852 2.5802 5 85.00 66.76 | 
ig oe 9.388 3.5156 2.7612 yf S93 5S 25.000 19.635 
1 12.7 10.02 3-7539 2.9483 i 3 -14 -44 25.629 20.129 
rs 9-30 72.14 || 26.266 20.629 
: 
A sg ca°Gs Awe Rive 91.49 71.86 1 26.910 21.135 
: 12.06 5156 66 93-72 73-60 || 27.563 21.648 
i ae. 4.515 3.54 # 95.06 } . 
; 12.78 4.7852 3.7583 3 : 75-37 28.223 22.166 
99.23 77-15 28.891 22. 691 
t br hese ye) T3052 16 100.5 78 95 fe 
6 18.19 as ies 3.9761 ' i a sige 
eto lee, | Seer | tee ke aaa 
. Xe) .6406 ; 77 ° 
is 20.20 15.86 ea Oe Oy ve T0$.2 82.62 a Bip 
: 59414 4.6664 § 107.6 : : || 30.941 24.301 
: 4:49 || 31.641 8 
3 21.2 i - | ; yee 
A aes 16.69 6.2500 | 4.9087 a 86.38 || 32.348 | 25.406 
$ 23.43 ee APS. ait ‘ 112.4 88 | 
: 18.40 6. , 2 
4 Atee 8906 | 5.4119 R ier 9 33-063 | 25.967 
9.29 7.2227 5.6727 I ae QO. 22 33.785 26.535 
F : def 34.516 27.1 
i ate ates 7.5625 | 5.9306 ; a e414 |) 35.254 | 27.688 
z ite toh 2 7.9102 6.2126. 6 wea 
22.0 
16 29.34 23 a As de vs 125 vie ae ae 
6289 | 6.7771 i ae be ae 36.754 | 28.866 
00.2 
3 30.60 is sf be 29.465 
is paves 9.0000 | 7.0686 Boks as 38. 285 0.06 
31.89 2 a 
i one 9-3789 7.3662 } 
33.20 26.08 9.7656 6 132.8 104.3 
765 7.6699 re ant : - 39.063 30.680 
00.4 39.848 31.206 
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TABLE 9.—WEIGHTS AND SECTIONAL AREAS OF SQUARE AND Rounp STEEL Bars. By THE CARNEGIE STEEL Co.— (Continued) 
Thickness or | Weight of Weight of Area of Area of Thickness or | Weight of | Weight of Area of Area of 
diameter in | [J barr ft. | Obar 1 ft. || [Jbarin | Obarin diameter in [] bar 1 ft. | Obar x ft. bar in | Obar in 
ins. long long sq. ins. sq. ins. ins. long long Sq. ins. sq. ins. 
3 138.2, 108. 5 40.641 31.919 i 290.9 228.5 85.563 67.201 
we 140.9 110.7 41.441 32.548 bs 204.9 231.5 86.723 68.112 
4 298.9 234.7 87.801 69.029 
3 143.6 112.8 42.250 33.183 is 302.8 237.9 89.066 69.953 
ts 146.5 T14.9 43.0606 33.824 
4 149.2 Tey] ee 43.891 34-472 3 306.8 241.0 90.250 70.882 
3 TRIO T IIQ.4 44.723 35.125 a1 310.9 244.2 QI.441 71.818 
£ BisKo “2474 92.641 72.760 
4 154.9 121.7 45.563 35.785 is 319.1 250.6 93.848 73-708 
Ta 157.8 123.9 46.410 36.450 
t 160.8 £26.2 47.266 B7mr22 3 g23n2 253.9 95.063 74.062 
43 163.6 128.5 48.120 37.800 18 327.4 257.1 96.285 75.622 
q B26 260.4 97.516 76.5809 
7 166.6 I30.9 49.000 38.485 48 335.8 263.7 98.754 77.501 
vs 169.6 133.2 49.879 | 39.175 
4 £7220 135.6 50.766 39.871 Io 340.0 267.0 100.00 78.540 
ts 175.6 137-9 51.660 40.574 vs 344.3 270.4 IOL.25 79-525 
: + 348.5 273.8 102.52 80. 516 
3 178.7 140.4 52.563 41.282 a 352.9 277.7 103.79 81.513 
a 181.8 142.8 53-473 41.907 
; 184.9 145.3 54.301 42.718 i 357.2 280.6 105.06 82.516 
188.1 147.7 55.316 43-445 fs 301.6 284.0 106.35 83.525 
3 366.0 287.4 107.64 84.541 
3 IQI.3 150.2 56.250 44.179 is 370.4 290.9 108.94 85.562 
ve 194.4 152.7 57-191 44.918 
4 197.7 155.2 58.141 45.664 4 374.9 294.4 TIO. 25 86.590 
4 200.9 157.8 59.098 46.415 7 379.4 297.9 Deen 7 87.624 
$ 383.8 301.4 112.89 88.664 
3 204.2 160.3 60.063 47.173 aa 388.3 305.0 T14.22 89.710 
# 207.6 163 61.035 | 47-937 
; 210.8 165.6 62.016 48.707 4 392.9 308.6 115.56 90. 763 
45 214.2 168.2 63.004 49.483 # 307-5 B22 2 I1I6.91 QI. 821 
t 402.1 315.8 118 27 92.886 
8 BAG SO D7 EO: 64.000 50.205 # 406.8 319.5 T19.63 93.956 
is 221.0 173.6 65.004 51.054 
¢ 224.5 176.3 66.016 51.849 II 411.4 323n1 121.00 95.033 
3 228.0 I79.0 67.035 52.649 as 416.1 326.8 122.38 96.116 
+ 420.9 330-5 £23077 97. 205 
i 231-4 181.8 68.063 53-456 a 425.5 334.3 125.16 98.301 
vs 234.9 184.5 69.098 54.269 
3 238.5 187.3 70.141 55.088 4 430.3 337-9 126.56 99.402 
qs 242.0 190.1 71.191 55-914 fs 435.1 341.7 127.07 100.51 
$ 439-9 345-5 129.39 | Ior.62 
4 245.6 193.0 72.250 56.745 is 444.8 340.4 130.82 102.74 
is 249.3 195-7 73.316 | 57.583 
§ 252.9 198.7 74.391 58.426 b 449.6 353-1 T3225 103.87 
is 256.6 201.6 75-473 59.276 16 454.5 357.0 133.69 | 105.00 
$ 459-5 360.9 135.14 | 106.14 
3 260.3 204.4 76.563 60.132 ih 404.4 364.8 136.60 107.28 
2 264.1 207.4 77.660 60.994 : 
; 267.9 210.3 78.766 61.862 3 469.4 368.6 138.06 108.43 
i 271.6 213.3 79 879 62.737 1 474.4 372.6 139.54 109.59 
$ 479.5 376.6 I4I.02 II0.75 
9 275.4 216.3 81.000 63.617 4B 484.5 380.6 142.50 III.Q2 
Js 279.3 219.3 82.129 64.505 
2 283.2 222.4 83. 266 65.397 
+s 287.0 225.4 84.410 66. 2096 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


400 
BARS TABLE 12.—-WEIGHTS OF FLaT ROLLED STRIPS, HOOP OR BAND STEEL 
TABLE 10.—WEIGHTS OF BRASS, COPPER AND ALUMINUM Poiuiy der 4 meat Boat 
i ; irmingham Wire Gage 
i C er Aluminum Thicknesses by Birming! 
peice eres oa ! ft. Ib One cu. ft. of steel weighs 489.6 1bs. 
tance Weight per ft., lbs. Weight per 7. wee, Rihesa diet For widths from } in. to 3? in. and ey ae from No. 19 to No. 17 
across Round | Square |Hexagon|| Round | Square Round | Square B. W. G. 
flats ; e eee ae << ee aa 
or 013 012 O15 - 003 et a8/o8[es{og]/ vd] +8] od | ag] as 
16 Sah pe i 060 -014 018 Width cae ae rey ae ne wor ete. es ae a0 
a 045 055 - 048 GOT) : Bie nai é3/ 63] 6] oO! Ge] ce) aay oo iam 
& .t00 | .125 |. 108 106 | «135 Shall ee as 8 TB Oe ee See et ol oe ee ee 
3 175 .225 104 - 189 “BAL Boor Maes p =. 
+s +275 -350 +301 - 206 +377 =089 en 3 .036 | .042 | .c49 | .055 | -06r | .o74 | -O81 | .093 | .102 
ea 038 | .044 | .052 | .059 | .065 | .075 | .086 | .098 | .108 
3 395 +510 +436 +426 gone nae ee a 040 | .047 | .055 | .062 | .069 | .079 | .ogr | .104 | 115 
ts .540| .690] «592 .579 she ee ie ro 042 | .049 | .059 | .066 | .073 | .084| .006 | .r10 | . rar 
.710 905 773 +757 +904 oO e 
* 300 7 1978 eg ee ee zie v6 045 | .052 | .062 | .069 | .077 | .088 | .10r | .116 | -128 
i > . . ; 
; I.10 1.40 1.24 1.18 es azse tare # -047 | .055 | .065 | .073 | -080 | .093 | .106 | .122 | .134 
548 % 049 | .057 | .068 | .076 | .084 | .097 Ir | .12% | .140 
; 1.45 1.43 1.82 430 ; ; , .088 | .ror | .116 | -133 | -147 
i ae : “ I Zi 1.70 Pe itty +516 -652 i i ia | ag ; 
i . 766 
#8 1.85 2.40 2.03 2.00 2594 us a 3 054 | .062 | .074 | .083 092 / 106 412 | +139 } .153 
1 2.15 275 2.36 2.32 21599) ae a 2 056 | .065 | .077 | .086 | .096 | .110 | .126 | .145 | .150 
: 00 é 
os 2.48 3-15 Soups 2.66 aoe ;. B 058 | .068 | .080 | .090 0909 | TES | .232 |) ese (2266 
8 6 3.03 3.86 Orr I.16 cr -060 | .070 | .083 | .093 | .103 | .119 | .136 | .156 | .172 
4 2.85 3.05 3.10 e ‘ g 5 } 
.20 .08 3.49 3.42 4.35 1.03 Os ’ | -141 | .162 | .t 
Ids 3 4 fe 4.88 see 1.47 - .062 | .073 | .086 | .007 107 123 14 79 
i 3-57 4.55 3.91 3. 3 ee B -065 | .075 | .089 | .100 | .r1z | .128 146 | .168 | .185 
Ii6 3-97 DE08 4.38 Bie Stl paee cas eas 45 .067 | .078 | .092 | .104 | .115 | .132 | . 252 | -174 | .191 
1 Bloat 5.65 wee Aoi Sue? ae. : 2 069 | .08r | .096 | .107 | .119 | .137 | .156 -180 | .1o8 
. | 
Tis 4.86 Opes 5:33 de: G08 ae se } -071 | .083 | .099 | .111 | .122 | .141 | .162 | 1385 | .204 
13 5°35 Cee 5.76 aoe nes se ae 32 -074 | .086 | .102 | .114 | .126 -146 | .167 | .r9z | .210 
Tye 5.86 7.45 O38 oe Ba te Lee y -076 | .089 | .105 | .117 -130 | .150 172 -197 | .217 
14 6:37 S.5s oo4 a a pes ‘3 Psa 078 | .oor | .108 | .r2r | .134 | .154 | .177 203 | .223 
ix 6.92 8.83 7.54 739 9.41 2.22 2.83 
3 -182 | .208 | .230 
: 06 te -080 | .004 | .11r | .124 | .138 1590 I 
1% e468 peer S45 ie se : 30 a -083 | .096 | .114 | .128 | .142 | .163 | .187 | .214 | .236 
ri br eee a7 Pe 7 3 j : -085 | .009 | .117 | .131 | .145 | .168 | .192 | .220 | .242 
1} 8.65 II.00 9.47 9.27 11.80 2.79 3-55 aa oa = i = aa | - ane aon 
. . a «102 | .12 £3501 4 > ey tS : 
THe 9.29 | 11.82 | 10.15 9.76 °| 12.43 2.99 3.81 ee 7 35 49 7 . 
I} 9.95 12.68 10, 86 10.64 Te55 3.20 4.08 ; Bs a as 4 4 veg 18 | saat ee 
R 126 | tae | 3 -18r | .20 ee - 261 
rt 10.58 5 ic 0) II.68 meg aes 14.15 3.41 4.35 oy “Oo £07 ss aa 157 3 7 37 
oe 24 094 | .109 | .129 | .145 | .161 | .185 | .212 | .243 | .268 
2 ere 215) 14.35 12.36 C2 \et Th 15.42 3.64 4.604 a ae ea tae aye ts saa “te ‘ae 
23 12.78 16.27 13.92 13.67 17.42 4.11 5.24 : . -13 -I4 i | - +217 | . - 
t : : Te. 19.51 -61 Sc8T 
% Rew - is e = ee fe » 6.84 4 -098 | .115 | .136 | .152 | .168 | .104 | -222 | .255 | .281 
“ Jed " . ‘ : ious # -I00 | .117 | .139 | .155 | .172 | .108 | -227 | .261 | .287 
3 ; c ; ~ 
23 17.68 | 22.53 19.44 18.92 24.00 5.60 7.25 . 103 | .120 | .142 ee pa — = . 266 = 
25 19.50, | 24.83 | 21.24 20.86 | 26.56 6.27 7.99 A e8 sane 3 — eX: veel Wisc yer a 
22 21.40 27.25 23.40 22.80 29.05 6.80 8.53 é -TO7 | -125 | -14 =i | - 364 | ~352 | .947 4 Kolbe er 
25 23.39 290.78 25.82 25.02 31.86 7-32 9.58 To compute the weight of sheet iron on the basis of 480 Ibs. per cu. ft. 
5 8 6 8.20 10 -s 4 PB 
3 25-47 | 32.43 27.84 27.24 | 34.69 : =a divide the thickness expressed in thousandths by 25. The result is the 
: ; 6 P weight in lbs. per sq. ft. 
3 30.45 39.77 32.7 31.97 40.71 9.02 12.25 
34 alae! 44.96 37.80 37.08 47.22 Ir.16 I4.2r 
33 40.07 51.05 43.56 42.11 Be.Or 12.81 16.31 
4 46.12 58.73 49.44 48.43 61.67 14.56 18.56 


TABLE 11.— WEIGHT OF STEEL PLATES PER Sq. Fr. Bora THEORETICAL 
AND WITH COMMERCIAL OVERWEIGHT ALLOWANCE 


F Theoretical Allowance for Adjusted 
Thickness : : A 
Eee weight, overweight, plates weight, 
lbs. 50 to 75 ins. wide lbs. 
Per cent. 
aC fol 10 8.42 
4 10. 207 10 Il.23 
ie 12.75 8 13.78 
3 ToeaT 7 16.38 
Ts 17.86 6 18.93 
3 20.41 5 21.44 
16 22.96 43 24.00 
8 25.51 4 26.5 
1} 28.07 33 29.20 
a 30.62 34 30.80 
pets 33.07 32 34.50 


HEAT 


The centigrade thermometer scale is a ‘case of the blind worship 
of decimals, It possesses no advantage that can be discovered by 
any except its devotees, while the confusion due to its existence 
overbalances a hundredfold all the advantages that its advocates 
imagine they see in it. It has introduced two sets of temperature 
observations where there might have been one; it has made necessary 
countless conversions between observations where there might have 
been none, and to offset this it has introduced no compensating ad- 
vantage whatever. Every application of the following conversion 
formulas and tables is an illustration of the harm done by this fussy 
and amateurish attempt to improve a thing that did not need 


improvement as well as of the uniform result when metric and 
other hobby riders endeavor to change established standards of 
measurement, 

Conversions between the Fahrenheit and Centigrade scales may be 
made by the following formulas: 


P=? C-+32 
5 

C=~ (F—32 
epee) 


in which F=reading by Fahrenheit scale, 
C=reading by Centrigade scale. 


TABLE 1.— EQUIVALENT TEMPERATURES—CENTIGRADE TO FAHRENHEIT. 


ce | ty) eet 20 30 | 40 50 60 70 80 90 
F RK: F. F, F. F. F. F. F. F. 
—200 —328 —346 —364 —382 —400 —418 —436 —454 Peer ae ie (eee, Aas eta 
—100 —148 —166 —184 Zoo ae 20 =235 = DEO Hip = Hoe =210 
—o 4539 +14 —4 —22 —40 —58 —76 —94 —112 —1I30 
(0) 32 50 68 86 104 122 I40 158 176 194 
100 212 230 248 266 284 302 320 338 356 374 
200 392 410 428 446 464 482 500 518 536 554 
300 B72 590 608 626 644 662 680 698 716 734 
400 752 770 788 806 824 842 860 878 896 ot4 
500 932 950 968 986 1004 1022 1040 1058 1076 1094 
600 III2 II30 1148 1166 1184 1202 I220 1238 I256 1274 
6 1454 
700 1202 1310 1328 1346 1364 1382 I400 1418 143 
800 1472 T4990 1508 1526 1544 1562 I580 1598 1616 1634 
goo 1652 | t670 1688 1706 1724 1742 1760 1778 1796 i814 
10006 1832 18506 1868 1886 I1Q04 1922 1940 1958 1976 1904 
1100 2012 2030 2048 2066 2084 2102 2120 2138 2156 2174 
1200 2192 2210 2228 2246 2264 2282 2300 2318 2336 2354 Celis 
1300 2372 2390 2408 2426 2444 2462 2480 2408 2516 2534 I eyes) 
1400 2552 2570 2588 2606 2624 2642 2660 2678 2696 2714 2 3.6 
1500 2732 2750 2768 2786 2804 2822 2840 2858 2876 2804 2 5.4 
1600 2912 2930 2948 2966 2084 3002 3020 3038 3056 3074 4 7.2 
| 
| 
/ 8 3236 32540—. | 5 ono 
1700 092 3110 3128 3146 3164 3182 3200 321 
1800 oe 3290 3308 3326 3344 3362 3380 3398 aS 3434 6 Lhe 
1900 3452 3470 3488 3506 3524 3542 3560 3578 359 3614 7 a 
2000 3632 3650 3008 3686 3704 3722 3740 3758 uy ues: ; a 
2100 3812 3830 3848 3866 3884 3902 3920 393 395 3974 Brel 
8 4136 4154 
2200 2 4010 4028 4046 4004 4082 4100 411 
2300 Hae 4190 4208 4226 4244 4262 4280 4208 i 4334 
2400 4352 4370 4388 4406 4424 4442 4460 4478 ne 4574 
2500 4532 4550 4568 4586 4604 4622 4640 4658 a aboe 
2600 4712 4730 4748 4766 4784 4802 4820 4838 485 4874 
8 5036 5054 
8 10 4928 4946 49604 4982 5000 501 f 
Bae os 5108 5126 5144 5162 5180 5198 5216 5234 
5252 5270 5288 5306 5324 5342 5360 5378 5396 5414 
5432 5450 5468 5486 5504 5522 5540 5558 5576 5594 
5612 5630 5648 5666 5684 5702 5720 5738 575 5774 
6 5954 
828 846 5864 5882 5900 5918 593 
ae es 2008 AG: 6044. 6062 6080 6098 6116 6134 
Be 6170 6188 6206 6224 6242 6260 6278 6206 he 
6332 6350 6368 6386 6404 6422 64.40 6458 6476 bao 
ae 6530 6548 6566 6584. 6602 6620 6638 6656 56.7.4. 
6800 6818 6836 6854 
6710 6728 6746 6764 6782 
see 68 ° 6408 6926 6944. 6962 6980 69098 7016 7034 
athe : 160 7178 7196 7214 
7052 7°70 7088 7106 7124 7142 7 as eC 
| o | 10 20 30 40 50 60 70 


EXAMPLE: 1347° C. =2444° F. +12.6° F. =2456.6° F. 
26 
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Tables 1 and 2 by Dr. Leonarp Watpo (Trans. A.J. M.E., IQI1) 
are the most complete that have been prepared. Their range is 
from absolute zero to the temperature of the electric arc. The 
equivalents for ro-deg. intervals are read directly and for 1-deg. 


intervals by the supplementary tables of proportional parts. The — 
tables are used precisely like tables of logarithms as illustrated by 


the examples below them. 


TABLE 2.—EQUIVALENT TEMPERATURES—FAHRENHEIT TO CENTIGRADE 


Heavy Face Figures Indicate Recurring Decimals. 


fie oO 10 Come 30 70 we “bao 60 70 80 ) 90 aa 
(on | C. (Oy C. CG Cc; C. c : C. Cc | | 
—400 | —240.0 | —245.5 —251.1 —256.6 —262.2 =26727 |S caawl. o Rak | 2 Cree ae as ets one ae ee 4 
—300 | —184.4 | —I90.c —195.5 | —201.1 —206.6 | —212.2 —217.7 —223.3 —228.8 | —234.4 | an 
—200 | —128.8 —134.4 —140.0 —145.5 —I51.1 —156.6 —162.2 —167.7 —173.3 | —178.8 
—100 ie ob} —78.8 —84.4 —9g0.0 —95-5 —10,t 106.6 =e eee 117.7 —fa3-5 
—O | —17.7 —23.3 —28.8 —34.4 —40.0 —45.5 —51.1 —56.6 —62.2 | —67-7 
(0) —17.7 —12.2 —6.6 —1.I +4.4 +10.0 +15.5 +a21.1 +26.6 +32.2 
100 37.7 High 3) 48.8 54.4 60.0 65.5 WILE 76.6 82.2 gag 
200 03-3 98.8 104.4 II0.0 ‘sistas 121.1 126.6 13252 I 
300 148.8 154.4 160.0 165.5 T71.1 176.6 182.2 187.7 va 198.8 
400 204.4 210.0 215.5 22et 226.6 232.2 2277 243.3 248.8 254.4 
500 260.0 265. : 
300 Rion oe aay oe 282.2 287.7 203.3 298.8 304.4 310.0 
TOON 370-1 376.6 382.2 387.7 Aue 308.8 is an on Hi 
: é f : : 308. 404.4 410.0 415. : 
a Paes ae ee 443.3 448.8 454-4 460.0 465.5 pee nr 6 
2 : : 498. 504.4 510.0 515.5 6355 526.6 5 
: 32.2 
1000 537-7 543.3 548.8 : 60. / 7 
pore ae en Bae 554 4 5 0.0 565.5 571.1 576.6 582.2 §87.7. HETHee 
1200 648.8 654.4 660.0 665.5 oe sie Pr rye me : o43-3 | ke 
1300 Femes Pole Bie ea Pte : . 7-7 93-3 698.8 | 2/1. | 
. 732.2 737-7 743-3 8.8 5 . ) 
1400 760.0 765.5 771.1 776.6 782.2 787.7 793-3 798.8 bo4 4 a ; | * } “s / 
1500 . = 
ieee Hee 376.6 ce Bie 837.7 843.3 848.8 854.4 Shes sg | ee 
1700 | 926.6 932.2 037.7 ye 918.8 a ee See a 021-1 : 23 | 
1800 982.2 987.7 903.3 8. ee eae 95-5 age sae 8 | 
: : 998.8 1004.4 IOIO.O IOI ea cts 
1900 | 1037.7 1043.3 1048.8 Roe ed shor 6 cs 1021.1 1026.6 1032.2 | 8 | 4.4] 
: , ‘ Leith teley eee: 1076.6 | 1082.2 | 108 
2000 1093.3 1098.8 1104.4 IIIO.O | os "ea | 
2100 | 1148.8 1154.4 1160.0 65. eet reat ae ae ns peed a 
2200 | 1204.4 1210.0 1215.5 ee es Sa eae ai cts | 108.8 
2300 | 1260.0 1265.5 127005 1276.6 aig Fe 7 1295 3 298.8 ae ee 
2400 | 1315.5 1321.1 1326.6 13 tay aeaeoe Agree 
32.2 1337.7 1343.3 1348.8 135 eo 
354-4 1360. 5 
2500 7700 1376.6 1382.2 8 : oa | er 
2600 | 1426.6 1432.2 ey : SEOUL 1303.3 1398.8 1404.4 1410.0 1415.5 | x 
2700 | 1482.2 1487.7 ae 1408.8 nae 1454.4 1460.0 1465.5 ayaa ee 
2800 1537.7 1543.3 f i : 04. I510.0 Isis. I<o1 ab . 
548.8 | 1554.4 | 1560 521.% | 1526.6 | 1532.2 
2900 | 1503. 3. 590.0 1565.5 S72 1576.6 § eRey 
593-3 1598.8 1604.4 1610.0 1615.5 1621.1 1626.6 aa ay ap 
3000 | 1648.8 1654.4 1660.0 166 er 
. . : Grr. 
eed ae T7FO00. | 2735.5 se ei|warieie ee rere | 7687-7 | 1693.3 | 3698.8 
3300 ee ae ee ee 1782.2 1787.7 ah H 1708.8 a Se hice 
: ; ; 1832.2 ee ¢ : 3 1810.0 
3400 | 1871.1 1876.6 1882.2 1887.7 oe Sore te : ae a eas 
3500 | 1926.6 | 1932.2 | 1937.7 | 1 Se) be oe 
3600! 1982.2 | 1087.7 | 1093.3 | ro983 | sote'® | 1954-4 | 1960.0 | 1965.5 | ro7rx | x 
° 99 2 / 6.6 
ie. oF 4 ae md 2015.5 | 202 : = 
20 —— : te 26.0 | 2032.2 
10 | 30 l Pr | = a Esk 2026.6 | 203 
eee 70 | 80 90 


Examples: —246.0° F,=—1 ° ; - ee 
: : 51.11° C.—3.33° C.=— ° ' = a rn Dew TSM es 
666° C.-+1.666° C.+.277° Gi is28, cao" Ca C 3762° F.= 2071. 12° C.+1.11° C.=2072.22° C. 2423 5° F.=1326 
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TABLE 2.— EQUIVALENT TEMPERATURES—F AHRENHEIT TO CENTIGRADE—(Continued) 
Heavy Faced Figures Indicate Recurring Decimals 


F.° 0 { 
| - | 2 | a 2 2 | s | 60 70 80 90 
. 5 a : b 5 C. C. Cc Cc 
2037.7 2043.3 2048.8 3 : 
Re ec) cs i asleg | cleo 1. 2eee-2 | s08r-7 
a ; : é : 5 2137 214 
2148.8 2154.4 2160.0 2165.5 2171.1 2176.6 2182.2 2187.7 2193.3 bree 3 
2204.4 2210.0 2215.5, 2221.1 6.6 
2260.0 2265.5 are AG ee E Se pers LSS: 2248.8 2254.4 
2308.5 eae pear beats : . ar 93.3 2208. 2304.4 2310.0 
ca : . 337-7 2343.3 2348.8 2354-4 2360.0 2365.5 
ao 2376.6 2382.2 2387.7 2303.3 2398.8 2404.4 2410.0 2415.5 2421.1 
p48: 2432.2 2437.7 2443.3 | 2448.8 | 2454.4 | 2460.0 | 2465.5 2471.1 2476.6 
2482.2 
ee Tee ee ee poe ptbles 2515.5 2521.1 2526.6 | 2532.2 
2593.3 2508.8 2604.4 2610.0 261 ‘5 ts 2806.6 a oe pet 
oS 2 ; : 5: 30 2626. 2632.2 2637.7 2643.3 
4 654.4 2660.0 2665.5 2671.1 2676.6 2682.2 2687.7 2693.3 2608.8 
2704.4 2710.0 2715.5 2721.1 2726.6 2732.2 2737.7 2743.3 2748.8 2754.4 
2760.0 2765.5 2771.1 2776.6 2782. i 
2815.5 2821.1 7806.6 es es ae 2838 ee iets ae Peas io 
2570 oF 2876.6 2882.2 2887.7 2893.3 2898.8 2004.4 2910.0 2015.5 2 = : f Sr 
2926.6 2032.2 2037.7 2043.3 2048.8 2054.4 2960.0 2965.5 2071.1 ane @ | <% o6 
2982.2 2087.7 2003.3 2908.8 3004.4 3010.0 3015.5 3021.1 3026.6 30325 25 Anaimone 
3037.7 3043.3 3048.8 3054.4 3060.0 065. o7I.1 076.6 8 
3093.3 3008.8 3104.4 3110.0 3115.5 ae Sees ses aoe ; seat é a 
3148.8 3154.4 3160.0 3165.5 3171.1 3176.6 B1s2.2 3187.7 3103.3 Baloferte: || 9 33 
3204.4 3210.0 3215.5 3221:1 3226.6 3232.2 3237.7 3243.3 3248.8 3254.4 | 8 ane 
3260.0 3265.5 3271.1 3276.6 3282.2 3287.7 3203.3 3208.8 3304.4 3310.0 9 | 5.0 
3315.5 3321.1 26.6 2.2 5 ; 8.8 j 
sartz | 3976.6 | 3382.2 | sa8r7 | 33084 | a3088 | Saoaa | saree | Sargy | Sasa 
3426.6 3432.2 3437-7 3443 3 3448.8 3454.4 3460.0 3405.5 3471.1 3476.6 
3482.2 3487.7 3493.3 3498.8 3504.4 3510.0 3515.5 3521.1 3526.6 3532.2 
SLEW / Ys 3543-3 3548. 3554-4 3560.0 3565.5 3571.1 3576.6 3582.2 3587.7 
3593-3 3508.8 3604.4 3610.0 3615.5 3621.1 3626.6 3632.2 3637.7 3643.3 
3648.8 3654.4 3660.0 3665.5 3671.1 3676.6 3682.2 3687.7 3603.3 3608.8 
3704.4 3710.0 3715.5 3721.1 3726.6 3732.2 8737-7 3743-3 3748.8 3754-4 
3760.0 3765.5 Bie 3776.6 3782.2 3787.7 3793-3 3798.8 3804.4 3810.0 
3815.5 3821.1 3826.6 3832.2 3837.7 3843.3 3848.8 3854.4 3860.0 3865.5 
3871.1 3876.6 3882.2 3887.7 3803.3 3808.8 3904.4 3910.0 3015.5 3921.1 
3926.6 3932.2 3937-7 3943.3 3948.8 3954.0 3960.0 3965.5 3971.1 3976.6 
3082.2 3087.7 3003.3 3908.8 4004.4 4010.0 4015.5 4021.1 4026.6 4032.2 
4037.7 4043.3 4048.8 4054.4 4060.0 4065.5 4071.1 4076.6 4082.2 4087.7 
4003.3 4008.8 4104.4 4110.0 4115.5 4121.1 4126.6 Atc2n2 4137.7 4143.3 
4148.8 4154.4 4160.0 4165.5 4171.1 4176.6 4182.2 4187.7 4193.3 4108.8 
4204.4 4210.0 4215.5 4221.1 4226.6 4232.2 4237.7 4243.3 4248.8 4254.4 
4260.0 4265.5 4271.1 4276.6 4282.2 4287.7 4203.3 4208.8 4304.4 4310.0 
4315.5 4321.1 4326.6 4332.2 4337-7 4343-3 4348.8 4354.4 4360.0 4365.5 
4371.1 4376.6 4382.2 4387-7 4393-3 4398.8 4404.4 4410.0 4415.5 4420 ene 
| ° 10 l 20 | 30 40 | 50 | 60 | 70 | 80 | 90 
TABLE 3.—KILOGRAM CALORIES, EQUIVALENT TO BritisH THERMAL UNITS 
British thermal ° | I 2 3 4 Se ee eee hel | 29 “i British British thermal _ 
° Pat a, Sey} 504 Ee bt o0h-\ eet e6Gale Xt. 512) Ta FOdi SOTO) bo %, 268 | ° 
| | 
Io 2.52 PE [Ge 3.024 3.276 3.528 3.780 4.032 4.284 4.536 4.788 be) 
20 5.04 5.202 5-544 5.796 6.048 6.300 6.552 6.804 7.056 7.308 20 
30 7.50 7.812 8.064 8.316 8.568 8.820 | 9.072 9.324 9.576 9.828 30 
40 10.08 | 10.332 | 10.584 | 10.836 | 11.088 | 11.340 | 11.592 11.844 | 12.096 | 12.348 40 
50 12.60 | 12.852 | 13.104 | 13.356 | 13.608 13.860 | 14.112 | 14.364 | 14.616 | 14.868 50 
60 15.12 | 15.372 | 15.624 | 15.876 | 16.128 16.380 | 16.632 | 16.884 | 17.136 | 17.388 60 
70 17.64 | 17.892 | 18.144 | 18.396 | 18.648 18.900 | 19.152 | 19.404 | 19.656 | 19.908 70 
80 20.16 | 20.412 | 20.664 | 20.916 | 21.168 | 21.420 21.672 | 21.924 | 22.176 | 22.428 80 
go 22.68 | 22.932 | 23.184 | 23.436 | 23.688 | 23.940 | 24.192 | 24.444 24.696 | 24.948 _ ; go 


1 British thermal unit = 251.996 therms, or gram calories. 
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TABLE 5.—LINEAL EXPANSION OF SOLIDS AT ORDINARY 
TEMPERATURES 
British Board of Trade—from Clark’s Manual of Rules, Tables and Data 


TABLE 4.—MELTING-POINTS OF METALS AND OTHER SUBSTANCES 


These melting-points were collected by Dr. G. K. Burgess, of the Bureau 
of Standards, Washington, D. C. Those shown in CAPITALS are accepted 


by the Bureau as standard at this time (1911). 
These melting-points were obtained on the purest metals obtainable. | Epr des. Pie See 
Lower melting-points may be expected with metals of less purity. aes cent 
Fahrenheit Centigrade Aluminum (cast) ) wae | 
eletepane sie by are okie eae Roe . 00001234 .0000222T 
degrees degrees Brass, (cast) x4 ge ssate sey eee eee .00000957 | .00001722 
ATUMMIN UM. chen, vcs ce cos T2160 658 Brass (plate). hs cco ayace «:n 1m 0iniele iat ohel sein iot> falar > - OOOOTO52 - 00001894 
RSTEIMONSE. do. a 630 pone (copper, tit 24; ZINC 2) iececec<c see ees - 00000986 - 00001774 
= ASHITUGL aa rain etoile alate nc el « Jeeta Siete ee ee - 00000975 .O000r 
aoa ooo0e0 beabonsapanad 1472 800 Cement, Portland (mixed) pure................ . 00000594 enue 
TSI by rete raensiucvic. aves <(Ssainaien a 518 270 Concrete (cement, mortar and pebbles) . 00000795 . 00001430 
GADINT WING een) ee 610 321 COpPeT sj opeiala, Sroiein B avera aise ieverarels te stele Ea eS . 00000887 - 00001506 
Ge tee ks £481 805 Glass; Baglish: fits. 22.\0:slstaretaiiemtciete a tokens aaa - 00000451 - 00000812 
canst et re 2 es Glass, thersiometer, s5.5..1.-+« 00 seco Smee oe - 00000499 - 00000807 
595 Glass hard) 5. gaara soe ee 00000. 
COREE eae nym, sdk ago) old pee 2 eee a “oone786 | ene 
714 1490 Gold; pute ..2..28 ce Gde cos eae ae eee - 00000786 -O000T4I5 
CORRE Re 8 ee 1981 1083 Tron, -Wroug ibaa se cee ciel acne eee - 00000648 - 00001166 
GOLD _ 1945 1063 ee COBUs Ac, asiaiadolecnataiwiale a oeie ta nie sti ae - 00000556 - OOOOIT0O0T 
once... ae a Cad... - se sees esse eens Poteet teeter eee e eens - OOOOI57I - 00002828 
=e Mercury (cubical expansion)................-- - 00000084 00017971 
esd vena ore 2768 1520 Nicikel3.. cnc sbleS wis cles ocular es .00000695 pene 
TUNG y oe. Ce 621 327 Platina ys. orm Paiste rine << ea a eee nee 00000479 vadaaied 
M s . ee . =e ie nn F 
oe ig Oe eee 1204 651 Sea) 85:5 dridiumd 15% So.20. oo eae - 00000453 - 00900815 
Jae ee ie 9347 ae Ore te ie See aesaa re eae - 00000200 - 00000360 
MERCURY. = os ee ON Pe ee eS es . 00001079 - 00001943 
CE, COSD « s\5:0:ste ois paels! o.oo o/ahdie. otis © aaa a ee « 0000 
ee (CON Ee eee eae 4532 2500 Steel, tempered 72209 os. cea oees oe pea ceenebaat 
tee a pi ae + im 2642 1450 Titre Regefe'« ove ainsis oie ahnos ie ore beeen 00001163 _ooues 
a nae P . 004 
PATEADLUNG. tt. ee AS Wood, DING o's: 41d slsicisinclordy w p/eccwiaiaie alee ete aie a - 00000276 - 00000406 
Pheehone Lid es Neaiepiewis ccc aa cts ee ae - 00001407 000 
wipe Tit 44 Zinc Shin Esse ‘ 4 aaa 
PEATINUM@ <0, 0. a 5 eS ee 
BOIEASSIUMineweee oe. oe cee 144 6. 
poke (le be Seon 3452 noCo The transmission of heat through metallic tubes. according to the 
ae WO ln Slant 2588 be report of the Research Committee A. S. M. E. (Trans. A. S.M.E 
By SOL eG. 6'e olprel iets 0. = sel 76 "4 i i i f oc ; 7 
ore eee ree 961 Vol. 33) may be determined from the following table of constants: 
CYS DOR Io tence Oo A 207 Q7 
Tantalum (?) 
Shand ernie ec ees 5252 2900 
ee 56s Sirs ne 450 232 inaecy ae ih: 
Sp) ekeateotetstsiatve sal Be ovat? 3362 Cc iti ee 0 
TUNGSTEN... aie — | 
Gs Cass BA 5432 000 | ; 
ae ae 3 | Pahr. difference 
: eM aisbe Volinarsiieicectdisest es eusheru BQ 2400 of temperature 
Nanadint(ey From flue gas to wat d iti isti sill 
eda ( ) Poa 508 Aes pibesin dake er under the conditions existing in | 2 
peer hee 76 419 From flue gas to boiling water under boi i 
= -- ° il ti 
(?) Doubtful : - heated to steam temperature). te oe ) ia 
E "rom flue gas to steam or ai d i 
aie ees a i ee alee RGAE Se ir uncer superheater or air-heater 4 
(CHEN soaduaepeate — aes From hot air to colder water under air-cooler conditi | 
GLASS, aoe eee Aa -qalate 1832 1000 sh beer steam to water under surface maa eal 
ee ee 2192 T200 Conditions, no air present. ) 
ae eee 1742 oe When an ordinary amount of air is present | 500 to 600 
HLORIDE...... tae) | lee er = oe 
POTASSIUM CHLORIDE. red The h 
on I e nes 3 itw ; . 
_SODIUM CHLORIDE....... 1472 i. cess of ree WMC hetemie sexs wedadrs: 
SUSIE nc anno an oo ee e237 114 that the es oe pte a 
eaten @ material o i . , : 
ae ay { me RUDE ca c e tube has little to do with the amount of 
als: : 
MEEUMCH OA re Bee oy co.ac as 61 
Bbelevets lead wiecavts, «tet. ve 
Bp 12 lead ne. 85d csucisyeter ste ce ca Bs 
4 tin, 4 lead, t bismuth...... . 263 oe 
3 tin, 5 lead, 8 bismuth... ... 212 wes 
: 100 
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The horse-power of boilers is, in a sense, a misnomer, as that term is 
a measure properly applicable only to dynamic effect. But as’ 
boilers are necessary to drive steam engines, the same measure ap- 
plied to steam engines has come to be universally applied to the 
boiler, and cannot well be discarded. 

The standard adopted by the judges at the Centennial Exhibition, 
of 30 lbs. water per hour, evaporated, at 70 lbs. pressure, from 
too deg., for each horse-power, is a fair one for both boilers and 
engines, and has been favorably received by engineers and steam 
users generally. The Centennial standard is practically equivalent 
to the evaporation of 344 Ibs. of water from and at 212 deg. Fahr. 
per hour. Expressed in this form it has been endorsed by the 
American Society of Mechanical Engineers. 

Square feet of heating surface is no criterion as between different 
styles of boilers—a square foot under some circumstances being 
many times as efficient as in others; but when an average rate of 
evaporation per sq. ft. for any given boiler has been fixed upon 
by experiment, there is no more convenient way of rating the power 
of others of the same style. The following table gives an approxi- 
mate list of sq. ft. of heating surface per h.p. in different styles 
of boilers, and various other data for comparison: 


HEATING SuRFACE PER H.pP. oF STEAM BOILERS 


‘The cross-sectional area used in the computations shall be that 
of the rivet shank after driving.” 


Minimum Thicknesses of Plates and Tubes 


P. 9, p. 17. “The minimum thickness of any boiler plate under 
pressure shall be 14 in. 

p. 18. “The minimum thicknesses of shell plates, and dome #lates 
after flanging, shall be as follows: 


WHEN THE DIAMETER OF SHELL IS 


over 36 ins, over 54 ins. 


36 ins. or under over 72 ins. 


to 54 ins. to 72 ins. 
4 in, 546 in. 36 in. 4% in. 


p. 19. “ The minimum thicknesses of butt straps shall be as given in 
Table 1. 


TABLE 1.—MintmuM THICKNESSES OF BuTT STRAPS 


Minimum 
thickness of 
-butt straps, 


Minimum 
thickness of 
butt straps, 


Thickness of 
shell plates, 


Thickness of 
shell plates, 


From Steam by Permission of the Babcock and Wilcox Co. eo ins. ee ins 
Sa. ft. | | 
a. ft. | | V4 V4 1365 We 
of | Coal per Relative 94 y, % 7 
Rype of boiler heating | sq. ft. |Relative | rapidity Puilore es 2 is oe A 6 
surface | H.S. per | economy|of steam- eae 346 M4 78 4 
forr | hour ing 1g, y 34 A 
hep. 34 %¢ % 54 
Watter-tUDe. cic oss... ro to 12 53 1.00 I.00 Isherwood 1345 546 t 34 
INTIS te) i es 14 to 18 +25 -9I +50 Isherwood iy 37 1% 3/ 
Digna s§ Sa eee 8 to 12 «4 -79 225 Prof. Trow- 1 = a ie 
Plain cylinder......... 6 to 10} a .69 20 bridge 732 78 aes 78 
Pocomotiye............ 12 to 16 -275 85 255 a) 146 
Vertical tubular........ I5 to 20| 25 | .80 -60 


The following specifications for material and rules for the propor- 
tions of riveted joints and other details of and safety valves for steam 
boilers are extracted from the 1915 report of the A. S. M. E. Boiler 
Code Committee. The complete report includes also specifications 
regarding the testing of materials and boilers, manner of marking, 
inspection and rejection, workmanship, permissible variation of 
gages, steel and iron castings, fittings, boilers for low-pressure heating 
and existing installations. The references (P. for page, p. for para- 
graph) refer to the report. These and the quotation points are 
required by the Society. The figure and table numbers are changed 
to suit present surroundings. 


Ultimate Strength of Material Used in Computing Joints 

PAO NDIA. “ The tensile strength used in the computations for steel 
plates shall be that stamped on the plates, which is the minimum of 
the stipulated range, or 55,000 lbs. per sq. in. for all steel plates, 
except for special grades having a lower tensile strength. 

p. 15. “The resistance to crushing of steel plate shall be taken at 
95,000 lbs. per sq. in. of cross-sectional area. 

p. 106. “Tn computing the ultimate strength of rivets in shear, the 
following values in Ibs. per sq. in. of the cross-sectional area of the 
rivet shank shall be used: 


Irom rivetsin singleshear....0.peqsse ee poset 38,000 
Tron rivets in double shear..............+-+- 76,000 
Steel rivets 1m) single ShEALs...<.4.%- nse 44,000 
Steel rivets in double shear................+-+ 88,000 


40 


p. 20. “The minimum thicknesses of tube sheets for horizontal 
return tubular boilers, shall be as follows: 


WHEN THE DIAMETER OF TUBE SHEET IS 


over 42 ins. over 54 ins. 


42 ins. or under over 72 ins. 


to 54 Ins. to 72 ins. 
3@ in. 74 in. 16 in. 46 in. 
P. 10, p. 22. “The minimum thicknesses of tubes used in fire-tube 


boilers measured by Birmingham wire gage, for maximum allowable 
working pressures not exceeding 175 lbs. per sq. in., shall be as 
follows: 


Diameters less than 24 ins...0.0.. 0. + as onc stm) NO. D3 eboW.Ge 
Diameter 21% ins. or over, but less than 314 ins.... No. 12 B.W.G. 
Diameter 34 ins. or over, but less than 4 ins...... No. 11 B.W.G. 
Diameter 4 ins. or over, but less than 5 ins........ No. 11 B.W.G. 
(Oyen Guebhor agin cb ootnse UoMaaoos oH Lesao soo INGE Oils litcee 


“Yor higher maximum allowable working pressures than given 


above the thicknesses shall be increased one gage.”’ 


Specifications for Boiler Plate Steel 


Pent Len Ds e2 5 “These specifications cover two grades of steel for 


boilers, namely: Flange and fire-box. 
pp. 24, 25- “The steel shall be made by the open-hearth process 


406 
and shall conform to the following requirements as to chemical 
composition : 
Flange Fire-box 
J Plates 34 in. thick and under. .o.12—0.25 per cent. 
SERS SOB SESE ne Plates over 34 in. thick....... 0. 12-0.30 per cent. 
Manganese........... 0.30-0.60 per cent, 0.30-0.50 per cent. 
Acid Not over 0.05 per cent. | Not over 0.04 per cent. 
puoeR nous Basic Not over 0.04 per cent. | Not over 0.035 per cent. 
Sulphi. oo ce eee es Not over 0.05 per cent. | Not over 0.04 per cent. 
onl Oyen kon oe Not over 0.05 per cent. 
P. 12, p. 28. a. “The material shall conform to the following 


requirements as to tensile properties: 


| Flange | Fire-box 


55,000-65,000 | 55,000-63,000 
o.5 tens. str. / Ons, tens, St. 
I, 500,000 I, 500,000 


Tensile strength, lbs. per sq. in.... 
Yield point, min., Ibs. per sq. in... 
Elongation in 8 ins., min., per cent. 


| Tens. str. Tens. str. 


b. “Tf desired steel of lower tensile strength than the above may be 
used in an entire boiler, or part thereof, the desired tensile limits to 
be specified, having a range of 10,000 lbs. per sq. in. for flange or 
8000 Ibs. per sq. in. for fire-box, the steel to conform in all respects to 
the other corresponding requirements herein specified, and to be 
stamped with the minimum tensile strength of the stipulated range. 

c. “The yield point shall be determined by the drop of the beam of 
the testing machine. 

P. 13,p.32. “Tension and bend test specimens shall be taken from 
the finished rolled material. They shall be of the full thickness of 


__Parallel Section 


not less than 9” 


Sess 


Fic. 1.—Standard test piece of 8 ins. gaged length, piece to be of 
same thickness as plate. 


material as rolled, and shall be machined to the form and dimensions 
shown in Fig. 1; except that bend test specimens may be machined 
with both edges parallel.” 


Specifications for Boiler Rivet Steel 


A. REQUIREMENTS FOR Rottep Bars 


P. 15, pp. 40, 41. ““The steel shall be made by the open-hearth 
process and shall conform to the following requirements as to chemical 
composition: 


MARE ORE Sg ids on va ncn. ©.30-0.50 per cent. 
PMOSPROMMS sags 24 cca gcse, not over 0.04 per cent. 
Sulphur 


Cac UbIobind COO OGt omens not over 0.045 per cent. 


et OND eddeana eo Thelbarc shall conform to the following require- 
ments as to tensile properties: 
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Tensile strength, lbs. EIS sue aa 
Yield point, min., Ibs. POMEL MM ous od oo oe duns 
Elongation in 8 ins., min., per cent 


but need not exceed 30 per cent. 


b. “The yield point shall be 
the testing machine,” 


45,;000-5 5,000 
0.5 tens. str. 
Ste, I,500,000 


Tens. str. 


determined by the drop of the beam of 


B. REQUIREMENTS FOR RIVETS 


P. 17, p- 55. The rivets, when tested, shall conform to the re- 
quirements as to tensile properties specified for welded bars above, 
except that the elongation shall be measured on a gaged length not 
less than four times the diameter of the rivet. 

p. 56. “The rivet shank shall bend cold through 180 deg. flat 
on itself, as shown in Fig. 2, without cracking on the outside of the 


. bent portion and 


P. 18, p.57. “Shall flatten, while hot, to a diameter two and one- 
half times the diameter of the shank, as shown in Fig. 3, without 
cracking at the edges.” 


Fic. 2.—The bend 
test for rivets. 


Fic. 3.—The flatten- 
ing test for rivets. 


Specifications for Stay-bolt Steel 


REQUIREMENTS FOR ROLLED Bars 


P. 19, p. 63. “Steel for stay-bolts shall conform to the require- 
ments for Boiler Rivet Steel specified above, except that the tensile 
properties shall be as follows: 


Tensile strength, lbs. per sq. in................ 
Yield point, min., Ibs. per sq. in............... 
Elongation in 8 ins., min., per cent......... 


50,000—60,000 
o.5 tens. str. 

1,500,000 

ens. str. 

P. 19, pp. 64, 65. “The steel shall be made by the open-hearth 


process and shall conform to the following requirements as to chem- 
ical composition: 


re : : 

Piophorts { Acid - hot over 0.06 per cent. 
\ Basic - not over 0.04 per cent. 

i) Bere ee RENCE Re. not over 0.05 per cent. 


P. 20, p. 67. a. “The material shall conform to the following 
requirements as to tensile properties: 


Tensile strength, Ibs. per sq. in 
Yield point, min., per sq. Im .. 


nik tineorhe eens 0.5 tens. str. 


Elongation in 8 Ins., min., per cent............-7 500,000 
Tens. str 
Elongation in 2 Ims., min., per cent............ 22 


b. “The yield point shall be determined by the drop of the beam 
of the testing machine,” 


Specifications for Boiler Rivet Iron 


A. REQUIREMENTS FOR ROLLED Bars 


P. 31, pp. 121,122, “The iron shall be made wholly from puddled 
iron or knobbled charcoal iron, and shall be free from any admixture 
of iron scrap or steel. The term iron scrap applies only to foreign 
or bought scrap and does not include local mill products free from 
foreign or bought scrap, 

P. 123. a. “The iron shall confor 


m to the following requirements 
as to tensile properties: 


STEAM BOILERS 


-Pensile‘strength,.Ibs. per sq. in.s..<..00. 0600-0. 48,000-5 2,000 
Yield point, min., Ibs. per sq. in 0.6 tens. str. 
Elongation in 8 ins., min., per cent............... 28 
edtiction of area, min., per cent.............0.. AS 


-f 
b. “The yield point shall be determined by the drop of the beam 
of the testing machine. The speed of the cross-head of the machine 
shall not exceed 114 ins. per minute.” a 


B. REQUIREMENTS FOR RIVETS 


P. 33, p. 133. ‘When specified, three rivets of each diameter 
shall be taken at random from each lot offered for inspection, and 
if they fail to stand the following tests the lot will be rejected. 

p. 134. a. “The rivet shank shall bend cold through 180 deg. flat 
on itself, as shown in Fig. 2, without cracking on the outside of the 
bent portion. b. The heads must stand bending back, showing that 
they are firmly joined. c. When nicked and broken gradually the 
fracture must show a clean, long and fibrous iron.” 


Specifications for Stay-bolt Iron 


P. 34, P. 241. a. “The iron shall conform to the following require- 
ments as to tensile properties: 


Tensile strength, lbs. per sq. in................... 49,000-53,000 
field point, min., Ibs! per sq. in............0-.-.. 0.6 tens. str. 
Elongation in 8 ins., min., per cent............... 30 
Reduction of area, min., per cent............02--. 48 


b. “The yield point shall be determined by the drop of the beam 
of the testing machine. The speed of the cross-head of the machine 
shall not exceed 114 ins. per minute.” 


Specifications for Refined Wrought-iron Bars 


P. 37, p. 151. “Refined wrought-iron bars shall be made wholly 
from puddled iron, and may consist either of new muck-bar iron or a 
mixture of muck-bar iron and scrap, but shall be free from any admix- 
ture of steel. 


P. 152. a. ‘‘The iron shall conform to the following minimum 
requirements as to tensile properties. 
Tensile strength, lbs. per sq. in................ 48,000 
(See Pars. 153 and 154.) 
Mareldimnomet jliise pee Saar is gs 2 bis). isis dies sfs wines 259000 
Hlongationsin Sans;, per Cents... 02s enc 22 


b. “The yield point shall be determined by the drop of the beam 
of the testing machine. The speed of the cross-head of the machine 
shall not exceed 114 ins. per minute.” 


Specifications for Lapwelded and Seamless Boiler Tubes 


“Lapwelded tubes shall be made of open-hearth 
b. Seamless tubes shall 


PaO.) ps 104. 
steel or knobbled hammered charcoal iron. 
be made of open-hearth steel. 

p. 165. a. “ The steel shall conform to the following requirements 
as to chemical composition: 


(CERIDGIN. 30 obo heb a bg RO so AOS Oem nee 0.08-o0.18 per cent. 
MVici CANLESC Hae es ele d¥el «1 elear-.- 9 = in ©.30-0.50 per cent. 
Phosphorus.......:...50--+-+-+-4+-++++. Mot over 0.04 per cent. 
Sulphur....2..-...-0.6.-..eeee+++++++ MOF OVEr 0.045 per cent. 


b. “Chemical analyses will not be required for charcoal iron 
tubes. 

p. 167. 4a. ““A test specimen not less than 4 ins. in length shall 
have a flange turned over at right angles to the body of the tube with- 
out showing cracks or flaws. This flange as measured from the 
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outside of the tube shall be 3g in. wide. b. In making the flange 
test, the flaring tool and die block as shown in Fig. 4, may be used. 

P. 41, p. 168. “‘A test specimen 3 ins. in length shall stand ham- 
mering flat until the inside walls are brought parallel and separated 
by a distance equal to three times the wall thickness, without showing 
cracks or flaws. In the case of lapwelded tubes, the test shall be 
made with the weld at the point of maximum bend. 

p. 169. “Tubes under s ins. in diameter shall stand an internal 
hydrostatic pressure of 1000 lbs. per sq. in. and tubes 5 ins. in diame- 
ter or over, an internal hydrostatic pressure of 800 Ibs. per sq. in. 
Lapwelded tubes shall be struck near both ends, while under pressure, 
with a 2-Ib. hand hammer or the equivalent.” 


Shere ees A . 
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Fc. 4.—Details of flaring tool and die block for making flange 
test of boiler tubes. 


Construction and Maximum Allowable Working Pressures for 
Power Boilers 


P. 43, p. 179. “The maximum allowable working pressure is that 
at which a boiler may be operated as determined by employing the 
factors of safety, stresses, and dimensions designated in these Rules. 
No boiler shall be operated at a higher pressure than the maximum 
allowable working pressure except when the safety valve or valves are 
blowing, at which time the maximum allowable working pressure 
shall not be exceeded by more than 6 per cent. Wherever the term 
maximum allowable working pressure is used herein, it refers to 
gage pressure, or the pressure above the atmosphere, in pounds per 
square inch. 

p. 180, “The maximum allowable working pressure on the shell 
of a boiler or drum shall be determined by the strength of the weakest 
course, computed from the thickness of the plate, the tensile strength 
stamped thereon, the efficiency of the longitudinal joint, or of the 
ligament between the tube holes in shell or drum (whichever is the 
least), the inside diameter of the course, and the factor of safety. 


T.S.XtXE 
Ia 
in which 7.S.=ultimate tensile strength stamped on shell plates, 

t=minimum thickness of shell plates in weakest course, 
in. 

E=efficiency of longitudinal joint or of ligaments be- 
tween tube holes (whichever is the least). 

R=inside radius of the weakest course of the shell or 
drum, ins. 

F.S.=factor of safety, or the ratio of the ultimate strength 

of the material to the allowable stress. For new 
constructions, F.S. in formula (@)=5. 


= maximum allowable working pressure, lbs. per sq. in. (a) 


PerAAst Datos “The efficiency of a joint is the ratio which the 
strength of the joint bears to the strength of the solid plate. In the 
case of a riveted joint this is determined by calculating the breaking 
strength of a unit section of the joint, considering each possible mode 
of failure separately, and dividing the lowest result by the breaking 
strength of the solid plate of a length equal to that of the section con- 
sidered. Detailed methods are given below. 

p. 182. “The distance between the center lines of any two adja- 
cent row of rivets, or the “back pitch” measured at right angles to the 
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direction of the joint, shall be at least twice the diameter of the rivets 
and shall also meet the following requirements: 

a. “Where a single rivet in the inner row comes midway between 
two rivets in the outer row, the sum of the two diagonal sections of 
the plate between the inner rivet and the two outer rivets shall be at 
feast 20 per cent. greater than the section of the plate between the 
two rivets in the outer row. ; : 

b. “Where two rivets in the inner row come between two rivets in 
the outer row, the sum of the two diagonal sections of the plate 
between the two inner rivets and the two rivets in the outer row shall 
be at least 20 per cent. greater than the difference in the section 
of the plate between the two rivets in outer row and the two rivets 
in the inner row. 

p. 183. “On longitudinal joints, the distance from the centers of 
rivet holes to the edges of the plates, except rivet holes in the ends of 
butt straps, shall be not less than one and one-half times the diameter 
of the rivet holes. 

p. 184. a. “The strength of circumferential joints of boilers, the 
heads of which are not stayed by tubes or through braces shall be at 
least 50 per cent. that of the longitudinal joints of the same structure. 

b. ‘When 50 per cent. or more of the load which would act on an 
unstayed solid head of the same diameter as the shell, is relieved by 
the effect of tubes or through stays, in consequence of the reduction 
of the area acted on by the pressure and the holding power of the 
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Fic. 5.—Circumferential joint for thick plates of horizontal 
return tubular boilers. 


tubes and stays, the strength of the circumferential joints in the shell 
shall be at least 35 per cent. that of the longitudinal joints. 

p. 185. “When shell plates exceed 9{¢ in. in thickness in hori- 
zontal return tubular boilers, the portion of the plates forming the 
laps of the circumferential joints, where exposed to the fire or products 
of combustion, shall be planed or milled down as shown in F ig. 5,to lg 
in. in thickness, provided the requirement above is complied with. 

P. 45, p. 186. “The ultimate tensile strength of a longitudinal 
joint which has been properly welded by the forging process, shall 
be taken as 28,500 lbs. per sq. in., with steel plates having a range in 
tensile strength of 47,000 to 55,000 lbs. per sq. in. 

p. 187. “The longitudinal joints of a shell or drum which exceeds 
36 in. in diameter, shall be of butt- and double-strap construction. 

p. 188. “The longitudinal joints of a shell or drum which does not 
exceed 36 ins. in diameter, may be of lap-riveted construction; but 
the maximum allowable working pressure shall not exceed roo Ibs. per 
sq. in. 

p. 189. “The longitudinal joints of horizontal return tubular 
boilers shall be located above the fire-line of the setting. 

p. 190. “A horizontal return tubular boiler on which a longitu- 
dinal lap joint is permitted shall not have a course over 12 ft.in length, 
With butt- and double-strap construction, longitudinal joints of any 
length may be used provided the plates are tested transversely to 
the direction of rolling, which tests shall show the standards pre- 
scribed above under the Specifications of Boiler Plate Steel.” 


Efficiency of Joints 


; BGOS, P. Ato. “The ratio which the strength of a unit length of a 
riveted joint has to the same unit length of the solid plate is known 
as the efficiency of the joint and shall be calculated by the general 
method illustrated in the following examples: 
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T.S.=tensile strength stamped on plate, lbs. per sq. in., 
t=thickness of plate, ins., 
b=thickness of butt strap, ins., 
P =pitch of rivets, ins., on row having greatest pitch, 
d=diameter of rivet after driving, ins. =diameter of rivet 
hole, 
a=cross-sectional area of rivet after driving, sq. ins., 
s=shearing strength of rivet in single shear, Ibs. per sq. in. 
as given in p. 16. 
S=shearing strength of rivet in double shear, Ibs. per sq. in. 
as given in p. 16. 
c=crushing strength of mild steel, lbs. per sq. in. as 
given in p. 15. 
n=number of rivets in single shear in a unit of length of 
joint, 
N=number of rivets in double shear in a unit length of 
joint. 


P. 96, p. 411. “Lap joint, longitudinal or circumferential, single 


riveted, Fig. 6. 


A =strength of solid plate=P X#XT-.S. 

B=strength of plate between rivet holes=(P—d)tXT-.S. 
C=shearing strength of one rivet in single shear=nXsXa. 
D=crushing strength of plate in front of one rivet= 


ExT Ke. 


Divide B, C or D (whichever is the least) by A, and the quotient 


will be the efficiency of a single-riveted lap joint. 


‘ = “ey . . . - ~ 
. 412. “Lap joint, longitudinal or circumferential, double riveted, 
Jj ; g 4 > 


Fig. 7. 


A =strength of solid plate=PXiXT-.S. 

B=strength of plate between rivet holes= (P—d)iXT-.S. 

C=shearing strength of two rivets in single shear= 
nXsXa. 

D=crushing strength of plate in front of two rivets= 
nXdXtXc. 


Divide B, C or D (whichever is the least) by A, and the quotient 


will be the efficiency of a double-riveted lap joint. 


P. 97, p. 413. “Butt and double strap joint, double riveted, Fig. 8 


A=strength of solid plate=PXiXT-S. 

B=strength of plate between rivet holes in the outer row= 
(P—d)}iXT-S. 

C=shearing strength of two rivets in double shear, 
plus the shearing strength of one rivet in single 
shear=NSXa+nXsXa. 

D=strength of plate between rivet holes in the second row, 
plus the shearing strength of one rivet in single 
shear in the outer row= (P—2d)tXT.S.+nXsXa. 

E=strength of plate between rivet holes in the second row, 
plus the crushing strength of butt strap in front of one 
rivet in the outer row=(P—2d)é XT.S.+dxXbXe. 

F=crushing strength of plate in front of two rivets, 
plus the crushing Strength of butt strap in front of 
one rivet=N XdXiXc+nXdXbXe. 

G=crushing strength of plate in front of two rivets, 
plus the shearing strength of one rivet in single 
shear=N XdXtXc+nXsXa. 

H=strength of butt Straps between rivet holes in the in- 
ner row=(P—2d)2bXT.S. This method of failure is 
not possible for thicknesses of butt straps require? by 
these Rules and the computation need only be made 
for old boilers in which thin butt straps have been used. 
For this reason this method of failure will not be 
considered in other joints, 


Divide B, C, D, E, F, G or H (whichever is the least) by A, and the 
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quotient will be the efficiency of a butt and double strap joint, 


F=strength of plate between rivet holes in the second row, 
double riveted. 


plus the crushing strength of butt strap in front of 


P. 98, p. 414. “Butt and double st ap joint, triple riveted, Fig. o. one rivet in the outer row=(P—2d)tXT.S.+dXb 
A=strength of solid plate=PXiXT.S. Xe. . ; ; 
B=strength of plate between rivet holes in the outer row = G=strength of plate between rivet holes in the third row, 

(P—d)tXT.S. : plus the crushing strength of butt strap in front of two 
C =shearing strength of /four tivets in double shear rivets in the second row and one rivet in the outer 

plus the shearing strength of one rivet in single ee (P—4d)tXT.S tnxdXbXe. 

shear=NXSXa+nXsXa. H=crushing strength of plate in front of eight rivets, 
D=strength of plate between rivet holes in the second plus the crushing strength of butt strap in front of 

row, plus the shearing strength of one rivet in single three rivets = V XdxIXe+nXdXbXe. : 

shear in the outer row=(P—2d)tXT.S.4+-1XsXa I=crushing strength of plate in front of eight rivets, 
E=strength of plate between rivet holes in the second row, plus ‘the shearing ptrength of two eM ge the second 

plus the crushing strength of butt strap in front of row and one rivet in the outer row, in single shear = 

one rivet in the outer row=(P—2d)XT.S.+dXb NXdXtXc+nXsXa. 

XE : Divide B, C, D, E, F, G, H or I (whichever is the least) by A, and 

yA, 


F=crushing strength of plate in front of four rivets, the quotient will be the efficiency of a butt and double strap joint, 
plus the crushing strength of butt strap in front of | quadruple riveted. 
one rivet=N XdXtXc+nXdXbXc. P. ror, p. 416. ‘Butt and double strap joint, quintuple riveted, 
G=crushing strength of plate in front of four rivets, Figs. 11 and 12. 


Fic. 6. 


Fics. 6 to 1o.—Boiler joints. 


plus the shearing strength of one rivet in single A=strength of solid plate=PX/XT-.S. 


shear=N XdXtXc+nXs Xa. B=strength of plate between rivet holes in the outer row= 
(P—d)tXT.S. 

Divide B, C, D, E, F or G (whichever is the least) by A, and the C=shearing strength of 16 rivets in double shear, plus the 
quotient will be the efficiency of a butt and double strap joint, triple shearing strength of seven rivets in single shear= 
riveted NXSXa+nXsXa. 

iv p. 415. “Butt and double strap joint, quadruple riveted, D=strength of plate between rivet holes in the second row, 
Fi oe plus the shearing strength of one rivet in single shear in 

ere A=strength of solid plate=P XiXT-.S. the outer row=(P—2d)tXT.S.+1Xs Xa. 

B=strength of plate between rivet holes in the outer row = E=strength of plate between rivet holes in the third row, 
(P—d)tXT.S plus the shearing strength of two rivets in the second 
C=shearing strength of eight rivets in double shear, row in single shear and one rivet in single shear in the 
plus the shearing strength of three rivets in single outer row =(P—4d)tXT.S.+3XsXa. 
shear=NXSXa+nXsXa F=strength of plate between rivet holes in the fourth row, 
D=strength of plate between rivet holes in the second row, plus the shearing strength of four rivets in the third 
lus the shearing strength of one rivet in single row, two rivets in the second row and one rivet in the 
ce in the outer row=(P—2d)tXT.S.+1X5 Xa. outer row in single shear=(P—8d)iXT.S.+nXs Xa. 
E=strength of plate between rivet holes in the third row, G=strength of plate between rivet holes in the second row, 
Ie i shearing strength of two rivets in the second plus the crushing strength of butt strap in front of one 
row in single shear and one rivet in single shear in rivet in the outer row=(P—2d)tXT.S.tdXb Xe. 


the outer row =(P—4d)tXT.S.+n Xs Xa. H=strength of plate between rivet holes in the third row, 
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plus the crushing strength of butt strap in front of two 
tivets in the second row and one rivet in the outer row 
=(P—4d)tXT.S.+3XdXb Xe. 


I=strength of plate between rivet holes in the fourth row, 
plus the crushing strength of butt strap in front of four 


Fic. 11.—Butt and double strap joint, 
bat quintuple riveted. 


Fic. 13.—Butt and double strap joint with straps at 
equal width. 


rivets in the third row, two rivets in the second row and 
one rivet in the outer row= (P—8d)tX T.S.tnxdxX 
bXc. 

J =crushing strength of plate in front of 16 rivets, plus the 
crushing strength of butt strap in front of seven rivets 
=NXdXtXc+nXdXbXc. 


BiG. 1s; 


I'ics. 15 to 18.—Exam 


K=crushing strength of plate in front 
shearing strength of four rivets ir 
rivets in the second row 


in single shear=N XdXtXc+nXsXa. 


of 16 rivets, plus the 
n the third row, two 
and one rivet in the outer row 


Divide B, C, D, EYP, G, HT, S 6 
and the quotient will be the effici 
joint, quintuple riveted. 


t K (whichever is the least) by A, 
ency of a butt and double strap 
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12) sleet, (os ALE “Figs. 13 and 14 illustrate other joints that may 


be used. The butt and double strap joint with straps of equal width 


shown in Fig. 13 may be so designed that it will have an efficiency of 
from 82 to 84 per cent. and the saw-tooth joint shown in Fig. 14 so 
that it will have an efficiency of from 92 to 94 per cent.” 


)-O O10 OE 
OO 


Fic. 12.—Butt and double strap join‘, 
quintuple riveted. 


Sy] 


Ie: 
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. 14.—Butt and doable strap joint of the saw tooth 


type. 
COO: | Z 
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ples of tube spacing. 


Ligaments 


P. 46, p. 192. “When a shell or drum is drilled for tubes in a line 
parallel to the axis of the shell or drum, the efficiency of the ligament 
between the tube holes shall be determined as follows: 


a. “When the pitch of the tube holes on every row is equal (Fig. 
15), the formula is: 
PEG ore 
? =efficiency of ligament, 


0) 
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in which p=pitch of tube holes, ins., 


d= diameter of tube holes, ins., 


“When the pitch of tube holes on any one row is unequal (as 
in Figs. 16 or 17), the formula is: 


—nd 2 
ae p =efficiency of ligament, (c) 
in which p= unit length of ligament, ins., 
n= number of tube holes in length, 9, 
d= diameter of tube holes, ins. 
-P. 47, p. 193. “Whena shell or drum is drilled for tube holes in a 


line diagonal with the axis of the shell or drum as shown in Fig. 18, 
the efficiency of the ligament between the tube holes shall be deter- 
mined by the following methods and the lowest value used. 


: =a 
ost: = 9) =efficiency of ligament (d) 


PA = efficiency of ligament (e) 

in which pi =diagonal pitch of tube holes, ins., 

d=diameter of tube holes, ins., 

p=longitudinal pitch of tube holes or distance 
between centers of tubes in a longitudinal 
row, ins. 


The constant . 95 in formula (d) applies provided © is 1.5 or over.’ 


DisHED HEADS 


P. 40, p. 195. ““The thickness required in an unstayed dished 
head with the pressure on the concave side, when it is a segment of a 
sphere, shall be calculated by the following formula: 


1g 
. in which ¢=thickness of plate, ins., 


P=maximum allowable working pressure, lbs. per sq. in., 
T.S.=tensile strength, lbs. per sq. in., 
L=radius to which the head is dished, ins. 


“Where the radius is less than 80 per cent. of the diameter of the 

shell or drum to which the head is attached the thickness shall be at 
least that found by the formula by making L equal to 80 per cent. of 
the diameter of the shell or drum. 
_ “Dished heads with the pressure on the convex side shall have a 
maximum allowable working pressure equal to 60 per cent. of that 
for heads of the same dimensions with the pressure on the concave 
side. 

“When a dished head has a manhole opening, the thickness as 
found by these rules shall be increased by not less than 14 in. 

p. 196. “When dished heads are of a less thickness than called for 
by formula (f), they shall be stayed as flat surfaces, no allowance 
being made in such staying for the holding power due to the spherical 
form. 

p. 197. “The corner radius of an unstayed dished head meas- 
ured on the concave side of the head shall not be less than 114 ins. or 
more than 4 ins. and within these limits shall be not less than 3 per 
cent. of L in formula (f). 

p. 198. “A manhole opening in a dished head shall be flanged to a 
depth of not less than three times the thickness of the head measured 
from the outside.” 

Braced and Stayed Surfaces 


p. 199. ‘The maximum allowable working pressures for various 
thicknesses of braced and stayed flat plates and those which by these 
tules require staying as flat surfaces with braces or staybolts of uni- 
form diameter symmetrically spaced, shall be calculated by the 
formula: 


P=CX=S (g) 
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in which P=maximum allowable working pressure, lbs. per sq. in., 

¢=thickness of plate in sixteenths of an inch, 

p=maximum pitch measured between straight lines passing 
through the centers of the staybolts in the different 
rows, which lines may be horizontal, vertical or inclined, 
ins., 

C= 112 for stays screwed through plates not over 1¢ in. 
thick with ends riveted over, 

C=120 for stays screwed through plates over 74 in. thick 
with ends riveted over, 

C=135 for stays screwed through plates and fitted with 
single nuts outside of plate, 

C=175 for stays fitted with inside and outside nuts and 
outside washers where the diameter of washers is not 
less than .4p and thickness not less than ¢. 


If flat plates not less than 3 in. thick are strengthened with doubling 
plates securely riveted thereto and having a thickness of not less than 
2t, nor more than ¢, then the value of ¢in the formula shall be three- 
fourths of the combined thickness of the plates and the values of C 
given above may also be increased 15 per cent. 

P. 51, p. 202. “The ends of stays fitted with nuts shall not be 
exposed to the direct radiant heat of the fire. 

p. 203. “The maximum spacing between centers of rivets attach- 
ing the crowfeet of diagonal braces to the braced surface, shall be 
determined by formula (g) using 135 for value of C. 

“The maximum spacing between the inner surface of the shell 
and lines parallel to the surface of the shell passing through the 
centers of the rivets attaching the crowfeet of diagonal braces to the 
head, shall be determined by formula (g) using 160 for the value 
of C. 


TABLE 2.—Maximum ALLOWABLE PitcH, IN INCHES, OF SCREWED 
Stay-Botts, Enps RIVETED OVER 


- Thickness of plate, in. 
Eee ey, Tr eee 4 |e He a. ia) He 
lbs. per sq. in. 3 
Maximum pitch of stay-bolts, in. 
100 54 638 738 
110 5 6 7 838 
120 434 534 634 8 
125 434 558 658 734 
130 458 548 648 758 
140 4 536 64 738 836 
150 4% 518 6 7)8 8 
160 448 5 578 678 734 
170 4 448 558 634 7h4 838 
186. Pe siicaer ens 434 542 646 738 81g 
TOO* | we jiligclnaetelp 454 536 636 7% 17% 
200) a ol|2 hea ae 4h6 54 616 7 734 | 814 
Baie oe Ne eae. 444 43% 578 615 WM. | 8 
250 5 ” shawde ee 4 458 544 614 648 758 
SOO" Bere call h oataay tall Satan | 414 5 558 6} 7 
p. 204. “Formula (g) was used in computing Table 2. Where 


values for screwed stays with ends riveted over are required for 
conditions not given in Table 2, they may be computed em the 
formula and used, provided the pitch does not exceed 8} in.’ 

P. 104, p. 418. “The allowable loads based on the net cross-sec- 
tional areas of stay-bolts with V-threads, are computed from the 
following formulas. The use of Whitworth threads with other pitches 
is permissible. 

“The formula for the diameter of a stay-bolt at the bottom of a 
V-thread is: 

D—(PX1.732)=d 


in which D=diameter of stay-bolt over the threads, ins., 
P=pitch of threads, ins., 
d=diameter of stay-bolt at bottom of threads, ins., 
1.732=a constant. 
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When U. S. threads are used, the formula becomes: 
D—(PX1.732X.75) =d 
“Tables 3 and 4 give the allowable loads on net cross-sectional 
areas for stay-bolts with V-threads, having 12 and 1o threads per 
inch. 


TABLE 3.—ALLOWABLE LOADS ON STAY-BOLTS WITH V-THREADS, 
12 THREADS PER INCH 
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Outside diameter | Diameter at | Net cross-sectional | Allowable load at 
of bottom of area (at bottom of 7500 |b. stress, 
stay-bolts, in. thread, in. thread), sq. in. per sq. in. 
34 -7500 -6057 . 288 2,160 
1346 .8125 -6682 ps5 2,632 
1 8750 +7307 419 3,142 
16 -9375 +7932 -494 3,705 
I 1.0000 -8557 -575 4,312 
He 1.0625 -9 182 662 4,965 
hg I. 1250 -9807 +155 5,662 
1346 I. 1875 1.0432 855 6,4 12 
144 1.2500 I. 1057 .960 7,200 
1546 I.3125 I. 1682 1.072 8,040 
138 1.3750 1.2307 1. 190 8,925 
16 1.4375 1.2932 1.313 9,849 
144 1.5000 1.3557 1.444 10,830 


TABLE 4.—ALLOWABLE LOADS ON STAY-BOLTS WITH V-THREADS, 
10 THREADS PER INCH 


Outside diameter | Diameter at | Net cross-sectional | Allowable load at 
of bottom of area (at bottom of 7500 lb. stress 
stay-bolts, in. thread, in. thread), sq. in. per sq. in. 
4 1.2500 1.0768 0.911 6,832 
1546 1.3125 tT. 1303 1.019 7,042 
13g 1.3750 1.2018 1.134 8,505 
Wie 1.4375 1.2643 T2255 9,412 
134 1.5000 1.3268 1.382 10,365 
1% 6 1.5625 1.3893 1.515 11,362 
158 1.6250 1.4518 1.655 12,412 


P. 105, p. 419. “Table 5 shows the allowable loads on net cross- 
sectional area of round stays or braces. 


TABLE 5.—ALLOWABLE Loans on Rounp BRACES or Stay Rops 


si Allowable stress, in lbs. per sq. in., net 
Minimum Net cross- cross-sectional area 
diameter of sectional 
circular stay, area of stay, goes | B300 | a 
ary, in sq. ins. Allowable load, in lbs. on net cross- 
sectional area 
I 1.0000 -7854 A712 6,676 7,462 
Ui6 1.0625 . 8866 5,320 | 7,536 8,423 
4 I. 1250 -9940 5,964 8,449 9,443 
Ke I. 1875 I. 1075 6,645 9,414 10,521 
4 1.2500 P2272 7,363 10,431 11,558 
16 1.3125 1.3530 8,118 II,501 12,854 
134 1.3750 1.4849 8,900 12,622 14, 107 
16 1.4375 1.6230 9,738 13,796 15,419 
144 1.5000 1.7671 10,603 15,020 16,787 
1%6 1.5625 1.9175 T1,505 16,208 18,216 
154 1.6250 2.0739 12,443 17,628 19,702 
Ui¥¢ 1.6875 2.2365 13,4 19 10,010 21,247 
1 34 1.7500 2.4053 14,432 20,445 22,852 
11346 1.8125 2.5802 15,481 21,032 24,512 
1% 1.8750 2.7612 16,567 23,470 26,231 
11546 1.0375 2.9483 17,690 25,061 28,000 
2 2.0000 3.1416 18,850 26,704 29,845 
214 2.1250 3.5466 21,280 30,147 33,603 
2i4 2.2500 3.9761 23,857 33,797 37.773 
234 2.3750 4.4301 26,580 37,656 42,086 
2h4 2.5000 4.9087 29,452 41,724 46,632 
aa 2.6250 5.4119 32,471 46,001 5 LA 13 
234 2.7500 5.9396 35,638 50,48 6, 
2% 2.8750 6. 8 ctl nas 
491 38,051 55,181 61,673 
3 3.0000 70686 42,412 60,083 67,152 


TABLE 6.—NET AREAS OF SEGMENTS OF HEADS 


Diameter of boiler, ins. 


Height [7,130] 36|42|48|54|60| 66 | 72 | 78 | 84] 90 | 96 
Rs tad ins.|ins.|ins.|ins.ins.|ins.jins.| ins. | ins. | ims. | ins. | ins. | ins. 
a fea Area to be stayed, sa. ins. 
8 ins. | 28| 33) 37| 40] 43] 47] 51] 53] 5s| 58] 60] 63] 65 
846 ins. | 35] 41| 46] 51] 55| 59] 63] 66) 70/ 74, 76) 80) 8&2 
9 ins. | 42| 49] 56) 62) 67] 72] 76] 82) 86) 90) 92) 95}; 98 
9% ins. | 50) 58] 66] 70| 80} 86) or 96; ror 105| IIT 116; E19 
Io ins. | 57| 68} 77| 85| 93} 99)106; Zz12| 117 a 229) 432) 237 
ro}é ins. | 66] 78| 89] 98/107 |114/123| 131| 135) 142) 147] 153; 160 
Ir ins. | 74] 88|1oo|/rr1z\121 130 138 147| 155} 161| 160] 174] 183 
11}4 ins. | 83] 99)112/124/137|146,156| 165) 173) 181) 180] 196! 204 
12 ins. | 91|/109|125/139|151|/163174| 184} 194] 203) 213] 219] 230 
12} ins. I20/138|153/167 |180 193 204] 216} 224) 234] 243! 252 
| : 
13 «ins. -|132/151|168/183 |197\ 211) 224) 235| 247} 256] 267! 279 
13} ins. 143|/164'183 200 216,230 246) 258, 270) 282) 293) 302 
14 ims. j...|155}178|109/217 |234/250) 266 280; 294) 305/ 319) 331 
14 ins. 167|192/215|235 254 271 287, 303 318 333) 345 360 
I5 ins. - |178|206|231|252 273/201 ss 326 343) 357) 372] 386 
; 
15% ins. |220|247|271 |201 312! 332) 350) 368) 382) 400) 417 
16 ins. -|235|263|280 312.334) 355 374, 394) 411| 423) 443 
16}4 ins. 249|281/308 |332'357| 380, 399) 420/ 436) 457| 475 
17 ins. |...|...|264}207|326/353'378] 402] 425| 447| 467| 486] Soa 
. ; 
17¥ ins. [314345 |374/400) 426) 449] 47 i 494] 516) 536 
} | 
3 | | 
18 ins. - |331/365 306 424 aso] 476} 500 520) 543) 564 
18}4 ins. |349/384|417 448) 476 so1| 526) 552] 577| 508 
19 ins. - 366/404/ 4301470] 500 520) 555) 580) 604, 631 
19}4 ins. |384/424 461 406) 528 558) 584) 613 641) 663 
20 Ins. |.../...|...|/4011444/483 519] 552) 583} = 642) 667; 699 
| | 
7 } ; 
2034 ins. 464!505 543 78 613) 643 75! 706)- 729 
21 ins. |...|...|...|...|485|528|568] 604 640, 673| 70s! 733) 766 
21} ins. 505|551504| 632, 660, 703) 730 766} 797 
22 ins. |.../...]...]... 526/574 618} 658) 697 734) 760 800] 835 
2214 ins, 1507 643, 687, 726, 765) 800, 835) 867 
; 
23iy IRS loosens Pee aes 620 668) 713!) sa) 706. 830. 860! 906 
2344 ins. 642,605) 740 784) 827; 866, 904) 945 
24 ins. -'667/719| 768 814) 859, 897! 939] 978 
sabato 689/745| 797, 843 802] 934 975| rors 
25 Ins. +)714/771) 825) 875 922) 966 1010) Ost 
; | | 
25¥ ins. 737,798] 835) 907, 956) 1003, 1047; 1092 
96. ing. i} ienfec fen -|761 824) 882) 936) 987) 1035) 1083) 1126 
2644 ins. 850] 900) 968) 1024 1073 aa II67 
27 ins. |.../...]...]... -|877| 939) 908) To53) Ir06) 1157} 1202 
2746 ins. - 968} 1r030| To8o) I145| IrQ5/ 1243 
/ 1 | 
‘ / / 
28 Ins. |< .-}...J... vesdeesd.. -|930/ 997] ro60) Tr20) 1177) 1232) 1279 
2834 ins. 1028) 1092) I1g7| I21x| 1270) 132r 
29 : to on ee ee Ae re eee bates 1056) 1423] 1187| 1248) 1305) 1360 
20h6 ins. ro84} r3rss| r221 1284) 1347) 1400 
BO, THR eS Pea wredicw alice dae oe |...] 1rrs| 1187] Tass 1321) 1382) 1442 
. | } j 
oe = 1218| 1200 cal 1424! 1480 
an se *| 1252) 1324) 1394) 1459) 1523 
om : ee ae tee | | 1286] 1350) 1433) 1496) 1561 
pearing i oie oS fey Rn (eee (ee (ec 1317| 1394) 1467) 1538) 1605 
2 Ins, | . 1430) 1508 aie 1650 
nite. Se Pie ay (ysl (eet preety hag | Sieinces | 1465) 1542) 1617| 1687 
i oe / 1500/ 1578) 1655) 1733 
orien RS TOs oaks a es (eo et ee ec 1536) 1617} 1605] 1770 
ep oe / 1654] 1735] 1816 
Pen ihe ea ined dics Sta [eeeleweleesesdven eee anls 1602) 1775) 1856 
ian | | | 
pedi my | | / 1810} 1900 
Re, ied Whe ahs eh ae Re ek a siete 1857| 1941 
Rae el cat ries eed | | | . — 
ee ere oy ee bev sewilews «alin cs'law emwhe SOG 


P. 53, p. 214. “The area of a segment of a head to be stayed 
shall be the area enclosed by lines drawn 3 ins. from the shell and 2 
ins. from the tubes, as shown in Figs. t9 and 20. 


“ . 
Pero 5S) P- 420. ‘Table 6 gives the net areas of segments of heads 
for use in computing stays, 


TABLE 7.—MaAximumM ALLOWABLE STRESSES FOR STAYS AND 
STAY-BOLTS 


Stresses, lbs. per sq. in. 


For lengths between 
supports not exceed- 
‘ing 120 diameters 


7500 
| 


For lengths between 
supports exceeding 
120 diameters 


Description of stays 


Unwelded stays less than 20 
diam. long screwed through 
plates with ends riveted over. r 


Unwelded stays and unwelded 9500 8500 
portions of welded stays, ex- 
cept as specified in line a. 

Welded portions of stays. 6000 6000 


0006150000000 


se 
SS 
Fic. r0. 


OQQQ0Q,000000 


7 YY 
// Y 


FIG, 20. 
Fics. 19 and 20.—Areas to be braced in steam boiler heads. 


P. 54, p. 219. ‘When stay rods are screwed through the sheets 
and riveted over, they shall be supported at intervals not exceeding 
6ft. In boilers without manholes, stay rods over 6 ft. in length may 
be screwed through the sheets and fitted with nuts and washers on 
the outside. 


: > SS Fg SSNS 
toe A & SSS ipa th 
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as 
as 
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Fic. 21.—Measurements for determining stresses in diagonal 
stays. 


p. 220. “The maximum allowable stress per square inch net cross- 
sectional area of stays and stay-bolts shall be as given in Table 7. 
The length of the stays between supports shall be measured from the 
inner faces of the stayed plates. The stresses are based on tension 
only. 

(OE ee “M4 find the stresses in diagonal and gusset stays: 

multiply the area of a direct stay required to support the surface by 


STEAM BOILERS 


413 


the slant or diagonal length of the stay; divide this product by the 
length of a line drawn at right angles to surface supported to center 
of palm of diagonal stay. The quotient will be the required area of 
the diagonal stay. 


L 
A=“ (H) 


tn which A =sectional area of diagonal stay, sq. ins. (see Table 7), 
a=sectional area of direct stay, sq. ins., 
L=length of diagonal stay, as indicated in Fig. 21, ins., 
/=length of line drawn at right angles to boiler head or 
surface supported to center of palm of diagonal stay, 
as indicated in Fig. 21, ins. 


P. 55, p. 222. ‘‘For staying segments of tube sheets such as in 
horizontal return tubular boilers, where ZL is not more than 1.15 
times / for any brace, the stays may be calculated as direct stays. 
allowing go per cent. of the stress given in Table 7. 

p. 223. “The sectional area of pins to resist double shear and 
bending when secured in crowfoot, sling, and similar stays shall be 
at least equal to three-fourths of the required cross-sectional area of 
the brace. The combined cross-section of the eye at the sides of the 
pin shall be at least 25 per cent. greater than the required cross-sec- 
tional area of the brace. 

“The cross-sectional area of the rivets attaching a brace to the 
shell shall be not less than one and one-quarter times the required 
sectional area of the brace. Each branch of the crowfoot shall be 
designed to carry two-thirds of the total load on the brace at the 
allowed stress. The net sectional areas through the sides of the 
crowfeet, tee irons or similar fastenings at the rivet holes shall be at 
least equal to the required rivet section. All rivet holes shall be 
drilled and sharp edges removed, and the pins shall be made a neat 
fit. 


TABLE 8.—SIzES OF ANGLES REQUIRED FOR STAYING SEGMENTS OF 
HEApS 


With the short legs of the angles attached to the head of the boiler 


30” Boiler 34’’ Boiler | 36” Boiler 
o 8] © | od! ©] o©& | oS] oo] oS] o8 
Height of ax a ax as a x ax ax a xX aM Dimen 
segment, ROSS) as SESH A rca eS Leceape || Coat Rep ol sion 
dimension 9 Ce a ©| Ain 
B in Fig. Be eet f ces) | os est ec eens | esl eee te 
22, ins, aS, a ASH] eet ai Gell) catisll) ail % a3il| ete 
t ' iy « > = Ry 5 = 
a | ie a a ‘a rs ‘4 a 
ey Ae A ey Se See A Se) ee 
10 Sere Star oie ele eaenieeesenla aes lege. Ben ca|b acs. 616 
II Ho | 38 546 | Ae | Me | Sie |..... TERRA oe 7 
12 %e | Vie | 38 % TAig. | Se) | ote. | 54a sive ata 738 
13a \taseraers 46 Aso | Me | % Seu Se) | SS Nee wrens 8 
‘7 al ERS [regs Lhe Rese 56 3§ 5% Ho | 38 846 
Sm Wane fh atidlce coekee «lve ne el ap eretewedl avers rere 2) 34 44 36 9 
BG ee ln atc Le deena ttaroscurect alee suntsalll aoa Pesce “als Bicol 5g W416 ols 
a9 . . 
P. 56, p. 224. | Gusset stays when constructed of triangular right- 


angled web plates secured to single or double angle bars along the two 
sides at right angles shall have a cross-sectional area (in a plane at 
right angles to the longest side and passing through the intersection 
of the two shorter sides) not less than ro per cent. greater than would 
be required for a diagonal stay to support the same surface, figured 
by formula (i) assuming the diagonal stay is at the same angle as 
the longest side of the gusset plate. 

p. 225. ‘When the shell of a boiler does not exceed 36 ins. in 
diameter and is designed for a maximum allowable working pressure 
not exceeding 100 lbs. per sq. in., the segment of heads above the 
tubes may be stayed by steel angles as specified in Table 8 and Fig. 
22, except that angles of equal thickness and greater depth of out- 
standing leg, or of greater thickness and the same depth of eutstand- 
ing leg, may be substituted for those specified. The legs attached 
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to the heads may vary in depth }4 in. above or below the dimen- 
sions specified in Table 8. Pes" 

1S i oy DAO “When this form of bracing is to be placed ona 
boiler, the diameter of which is intermediate to or below the diame- 
ters given in Table 8, the tabular values for the next higher diameter 
shall govern. Rivets of the same diameter as used in the longitudi- 
nal seams of the boiler shall be used to attach the angles to the head 
and to connect the outstanding legs. 

p. 227. “The rivets attaching angles to heads shall be spaced not 
over 4 ins. apart. The centers of the endrivets shall be not over 3 ins. 
from the ends of the angle. The rivets through the outstanding legs 
shall be spaced not over 8 ins. apart; the centers of the end rivets 
shall be not more than 4 ins. from the ends of the angles. The ends 
of the angles shall be considered those of the outstanding legs and the 
lengths shall be such that their ends overlap a circle 3 ins. inside the 
inner surface of the shell as shown in Fig. 22. 

p. 228. “The distance from the center of the angles to the shell of 
the boiler, marked A in Fig. 22, shall not exceed the values given in 
Table 8, but in no case shall the leg attached to the head on the lower 
angle come closer than 2 ins. to the top of the tubes. 


~" Not over 8:5.. >> 


See Table 


Fic. 22.—Staying of head with steel angles in tubular boiler. 


P. 58, p. 229. “When segments are beyond the range specified in 
Table 8, the heads shall be braced or stayed in accordance with the 
requirements in these Rules, 

p. 230. ‘‘Crown bars and girder stays for tops of combustion 
chambers and back connections, or wherever used, shall be propor- 
tioned to conform to the following formula: 


CX@xXT : 
Re (W=P)xDxw 
in which W =extreme distance between supports, ins., 

P=pitch of supporting bolts, ins., 
D = distance between girders from center to center, ins., 
d= depth of girder, ins., 
T= thickness of girder, ins., 
C'=7000 when the girder is fitted with one supporting bolt, 
C= 10,000 when the girder is fitted with two or three sup- 
porting bolts, 
C=11,000 when the girder is fitted with four or five sup- 
porting bolts, 
C=11,500 when the girder is fitted with six or se 
porting bolts, 
12,000 when the girder is fitted with eight or more sup- 
porting bolts. 


Maximum allowable working pressure = 


ven sup- 


ce 
P. 232. When stay tubes are used in multitubul 
support to the tube plates, the sectional 
be determined as follows: 


ar boilers to give 
area of such stay tubes may 


Total section of stay tubes, sq. ins. = ao OE (i) 
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in which A =area of that portion of the tube plate containing the 
tubes, sq. ins., a 
- a=aggregate area of holes in the tube plate, sq. ins., 
P=maximum allowable working pressure, lbs. per sq. in., 
T =working tensile stress allowed in the tubes, not to exceed 
7000 Ibs. per sq. in. 


P. 59, p. 233. “The pitch of stay tubes shall conform to formula 
(g), using the values of C as given in Table 9. 


TABLE 9.—VALUES OF C FoR DETERMINING PitcH oF STAY TUBES 


1 


When tubes 
are fitted with 
nuts outside 
of plates 


When tubes 
have no nuts 
| outside of plates | 


Pitch of stay tubes in the bounding | 
TOWS 


Where there are two plain tubes be- 120 130 
tween each stay tube. ; 

Where there is one plain tube between 140 150 
each stay tube. 

Where every tube in the bounding rows ............... 170 


is a stay tube and each alternate tube 
has a nut. 


When the ends of tubes are not shielded from the action of fame 
or radiant heat, the values of C shall be reduced 20 per cent. The 
tubes shall project about 14 in. at each end and be slightly flared. 
Stay tubes when threaded shall not be less than 346 in. thick at 
bottom of thread; nuts on stay tubes are not advised. For a nest 
of tubes C shall be taken as 140 and S as the mean pitch of stay tubes. 
For spaces between nests of tubes S shall be taken as the horizontal 
distance from center to center of the bounding rows of tubes and C 
as given in Table 9.” 


Tube Sheets of Combustion Chambers 


p. 234. “The maximum allowable working pressure on a tube 
sheet of a combustion chamber, where the crown sheet is not sus- 
pended from the shell of the boiler, shall be determined by the 
following formula: 

(D—d)T X 27,000 - 
anes as) We (@) 


Peg 


in which P=maximum allowable working pressure, lbs. per sq. in,, 
D=least horizontal distance between tube centers, ins., 
d=inside diameter of tubes, ins.. 
T=thickness of tube plate, ins., 
W =distance from tube sheet to opposite combustion cham- 
ber sheet, ins. 


Circular Furnaces and Flues 


P. 61, p. 239. “The maximum allowable working pressure for 
unstayed, riveted, seamless or lapwelded furnaces, where the length 
does not exceed six times the diameter.and where the thickness is at 
least 5{¢ in. shall be determined by one or the other of the following 
formulas: 


a. Where the length does not exceed 120 times the thickness of 
the plate 


SI. 


aes r . 
P="p | (18:75XT)—(1.03XL) ® 


cas . 
b. “Where the length exceeds 120 times the thickness of the plate 


in which P=maximum allowable working pressure, Ibs per sq. in 
. . be ; 5 : 
D=outside diameter of furnace, ins., 


L=length of furnace, ins., 
T=thickness of furnace walls, in sixteenths of an inch. 


ttc, 
Where the furnaces have tiveted longitudinal joints no deduction 
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need be made for the joint provided the efficiency of the joint is 
greater than PX D divided by 1250XT. 

‘240, A plain cylindrical furnace exceeding 38 ins. in diameter 
shall be stayed i in accordance with the rules governing flat surfaces. 

p- 241. “The maximum allowable working pressure for seamless 
or welded flues more than 5 ins. in diameter and up to and including 
18 ins. in diameter shall be determined by one or the other of the 
oo formulas: 

“Where the thickness of the wall is‘less than .023 times the 
diameter 
10,000,000 X T 3 


tees) THe (n) 


“Where the thickness of the wall is greater than .o23 times the 
diameter 


17,300 XT 
jane (0) 


P= 


in which P=maximum allowable working pressure, Ibs. per sq. in., 
D=outside diameter of flue, ins., 
T=thickness of wall of flue, ins. 


“The above formulas may be applied to riveted flues of the 
sizes specified provided the sections are not over 3 ft. in length and 
provided the efficiency of the joint is greater than PX D divided by 
20,000XT. 


ADAMSON TYPE 


IPOS .e pa 2A 2. “When plain horizontal flues are made in sections 

not less than 18 ins. in Jength, and not less than 546 in. thick: 

“They shall be flanged with a radius measured on the fire side, 
of not less than three times the thickness of the plate, and the flat 
portion of the flange outside of the radius shall be at least three times 
the diameter of the rivet holes. 

_ 6. “The distance from the edge of the rivet holes to the edge of the 
flange shall be not less than the diameter of the rivet hole, and the 
diameter of the rivets before driving shall be at least 14 in. larger than 
the thickness of the plate. 

c. “The depth of the Adamson ring between the flanges shall be not 
less than three times the diameter of the rivet holes, and the ring 
shall be substantially riveted to the flanges. The fire edge of the 
ring shall terminate at or about the point of tangency to the curve of 
the flange, and the thickness of the ring shall be not less than 4 in. 

“The maximum allowable working pressure shall be determined by 
the following formula: 


puts | (18.75 XT) — (1.03 XL) | (p) 


in which P =maximum allowable working pressure, Ibs. per sq. in., 
D= outside diameter of furnace, ins., 
L=length of furnace, ins., 
T = thickness of plate, in sixteenths of an inch. 


P. 63, p. 243. “The maximum allowable working pressure on 
corrugated furnaces, such as the Leeds suspension bulb, Morison, 
Fox, Purves, or Brown, having plain portions at the ends not exceed- 
ing 9 ins. in length (except flues especially provided for) when new 
and practically circular, shall be computed as follows: 


Pats () 


in which P=maximum allowable working ee lbs. per sq. 
T =thickness, ins.—not less than 5% ¢ in. for Leeds, vee 
Fox and Brown, and not less than 7/6 in. for Purves 
and other furnaces corrugated by sections not over 18 
ins. long, 
D=mean diameter, ins., 
C=17,300, a constant for Leeds furnaces, when corrugations 
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are not more than 8 ins. from center to center and not 
less than 214 ins. deep, 

C=15,600, a constant for Morison furnaces, when corruga- 
tions are not less than 8 ins. from center to center and 
the radius of the outer corrugations is not more than 
one-half that of the suspension curve, 

C=14,000, a constant for Fox furnaces, when corrugations 
are not more than 8 ins. from center to center and not 
less than 1/4 ins. deep, 

C = 14,000, a constant for Purves furnaces when rib pro- 
jections are not more than 9 ins. from center to center 
and not less than 13¢ ins. deep, 

C= 14,000, a constant for Brown furnaces, when corruga- 
tions are not more than 9 ins. from center to center and 
not less than 1°¢ ins. deep, 

C=10,000 a constant for furnaces corrugated by sections 
not more than 18 ins. from center to center and not less 
than 2!4 ins. deep, measured from the least inside to 
the greatest outside diameter of the corrugations, and 
having the ends fitted one into the other and sub- 
stantially riveted together, provided that the plain parts 
at the ends do not exceed 12 ins. in length. 


“Tn calculating the mean diameter of the Morison furnace, the 
least inside diameter plus 2 ins., may be taken as the mean diameter.” 


Manholes 


P. 65, p. 258. ‘‘An elliptical manhole opening shall be not less 
than 11X15 ins. or 10X16 ins. in size. A circular manhole opening 
shall be not less than 15 ins. in diameter. p. 259. A manhole 
reinforcing ring when used, shall be of steel or wrought-iron, and shall 
be at least as thick as the shell plate. 


Fic. 23.—Riveting of man-hole frames. 


p. 260. ‘‘Manhole frames on shells or drums when used, shall 
have the proper curvature, and on boilers over 48 ins. in diameter shall 
be riveted to the shell or drum with two rows of rivets, which may be 
pitched as shown in Fig. 23. The strength of the rivets in shear on 
manhole frames and reinforcing rings shall be at least equal to the 
tensile strength of that part of the shell plate removed, on a line par- 
allel to the axis of the shell, through the center of the manhole, or 
other opening. 

P. 66, p. 261. “The proportions of manhole frames and other 
reinforcing rings to conform to the above specifications may be deter- 
mined by the use of the following formulas, which are based on the 
assumption that the rings shall have the same tensile strength per 
square inch of section as, and be of not less thickness than, the shell 


plate removed. 


LXt 
For a single-riveted ring: W =a +d (r) 


Ix 


Wa 42d (s) 


For a double-riveted ring: 
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TABLE 10.—DISCHARGE CAPACITIES FOR DirEcT SPRING-LOADED Pop SAFETY VALVES WITH 45 DEG. BEVEL = 
Gage Diameter, I in. Diameter, 14 in. Diameter, 134 in. Diameter, 2 in. Diameter, 2}4 in. 
"bs. per Min. Tat. Max. Min. Int. Max. Min. | Int. | Max. | Min. Int. | Max. Min. Int. 
.o6 | 0. 06 
Lift, in..| 0.02 0.04 0.05 0.03 0.04 0.05 0.03 0.05 0.06 0.04 0.06 - ~— oo 
15 CHE Fox 95,500; 191,000 238,900| 179,200] 238,800] 293,500] 214,900] 358,300] 429,900° a — se 477, ¥ 
Lb. hr... 65 131 163 122 163 203 146 245 293 
iD Like ink.|) 0.02 0.04 0.05 0.03 0.04 0.05 0.03 0.05 0.06 0.04 0.06 22 
25 Cian & 127,70v| 255,400] 319,300] 239,500] 319,300] 399,100] 287,400] 478.900] 574,700] 510,900) 766,300; 894,000 
i pephrse 87 174 218 164 218 272 196 326 392 349 523 610 
itt) ame | ONO? 0.04 0.05 0.03 0.04 0.05 0.03 0.05 0.06 0.04 | 0.06 0.07 | | 
50 (Ol! eas 208,200| 416,400] 520,400] 390,300] 520,400] 650,500) 468,300) 780.600] 936,600 mec aes gee 
IWoy, lebesg 6 142 284, 354 266 354 444 320 532 639 568 851 = <2 : 2 4 
Lift ta;..|| °6).02 0.04 0.05 0.03 0.04 0.05 0.03 0.05 0.06 | 0.04 — 0.06 0.07 . 0.04 | 4 
75 Chiwcs: 288,600] 577,200] 721,400] 541,100| 721,400) 901,800] 649,300/1,082,000/1,299,000 '1,154,000| 1,731,000) 2,020,000 1,443,000 2,164,000 
Lb. hr... 197 393 492 369 492 615) 443 738 $66) 787 2,181 1,377 984 1,475 
Lift,in..] 0.02 0.04 0.05 0.03 0.04 0.05 0.03 0.05 0.06 0.04 / 0.06 | 0.07 | 0.04 0.06 
100 CHA eee 369,000] 738,000] 922,500} 691,900] 922,500/1I,153,000| 830,300)1,384,000 1,661,000 1,476,000 2,214,000 2,583,000 1,845,000 2,768,000 
Lb. hr... 252 503 629 472 629 786 566 944 1,133 I,007 1,510 1,761| 1,258 1,887 
Lift, in..| 0.02 0.04 0.05 0.03 0.04 0.05 0.03 0.05 0.06 0.04 0.06 0.07 | 0.04 / 0.06 
125 Oe | Re aasoo ia sooo 842,700 1,124,000 1,404,000 1,011,000 1,685,000 2,022,000 1,795,000 2,693,000 3-146,000 2,247,000 3,371,000 
Debashree. 307 613 767 575 767 957 689 1,149 1,379) I,224 1,836) 2,145) 1,532 2,209 
Lift,in..}] 0.02 0.04 0.05 0.03 0.04 0.05 0.03 0.05 0.06 0.04 | 0.06 0.07 0.04 0.06 
I50 (Qh hanonG 529,900/1,C60,000/1,325,000] 993,500|1,325,000/1,656,000/1,192,000| 1,987,000 2,384,000 2,109,000|3,179,000 3,709,000 2,649,000! 3,974,000 
ib: hres. 362 723 904 677 904 I,129 ; 813 1,355) 1,625 1,438) 2,158) 2,529) 1,806 2,71 
ay Lift, in. .| 0.02 0.04 | 0.05 0.03 0.04 0.05 0.03 0.05 0.06 | 0.04 0.06 | 0.07 / 0.04 
DiS (Giz epee 610,300|1,221,000 I,526,000|1I,144,000]£,526,000 1,907,000 pes eee 2,289,000] 2,746,000 2,441,000 3,662,000 4,272,000 /3,051,000|4,577,000 
Ebibr:... 416 833 I,040 780 1,040] 1,301 936 I,561 1,872 1,664 2,497 2,013| 2,081 3.121 
geese le ores. 0.04 0.05 0.03 0.04 0.05 re Seon eo 0.04 | 0.06 0.07 | 0.04 0.06 
200 CHa: 690,700/1,381,000|1,727,000|1,295,000|1,727,000| 2,158,000 1,554,000] 2,590,000 3,108,000 i Gs well PESrre= 4,835,000|3,454,000 5,180,000 
Lb. hr... 471 941 1,178 883 1,178 1,472 1,060 1,766 2,119 1,884) 2,826 3,296) 2,354 3,832 
Lift,in..] 0.02 0.04 0.05 0.03 0.04 0.05 0.03 0.05 | 0.06 | 0.04 0.06 | 0.07 rea ee 
225 Ce seer 771,100|1,542,000/1,928,000/1,446,000 2928,000 2,410,000 1,735,000|2,892,000|3,470,000 3,085,000 4,626,000 5,398,000 3,856,000'5,784,000 
Lb. hr... 526 1,052 1,315 tas 986 1,315 1,643 1,183 Lora 2,366) 2,104; 3,154 3.6801 9,629 aaah 
SS Lift, in 0.02 0.04 0.05 0.03 0.04 rs LT 0.05 0.06 | 0.04 | 0.06 | 0.07 | 0.04 | 0.06 — 
250 CAAA 851,600|1,703,000|2,120,000 1,597,000 2,129,000 2,661,000 erbree 3,193,000/3,832,000 3,406,000 5,109,000 5,961,000 4,258,000 6,387,000 
Lb. hr... 581 1,161 1,451 1,089 1,451 1,814] 1,307 2,177 2,613! 2,322| 34tal 4064 2,903) ieee 
Lift,in..} 0.02 0.04 0.05 0.03 0.04 | 0.05 0.03 0.05 0.06 | 0.04 | 0.06 | 0.07 | 0.05 | 0.06 
275 Grace 932,000/1,864,000) 2,330,000 I,748,000}|2,330,000 2,913,000 2,097,000 3,495,000/ 4,104,000 3,728,000 5,592,000 6,524,000 4,660,000 6,990,000 
be Ub. hr... Pe 1,271 1,580 1,192 __ 1,589 1,086| 1,430 2,383 2,860 2,542 3.813| 4,448 more anes 
Lift, in..| 0.02 0.04 0.05 0.03 0.04 | 0.05 ee Pre aa | 0.04 |, eee | 0.07 | 2.04.4, eee 
300 CH 55 coe Bape tees 2,048,000/2,531,000'1,808,000 2,531,000 3,164,000|2,278,000 3,797,00014,556,000 4,050,000 6,075,000 7,087,000 5,062,000]7,593,000 
oes. C98} 1397 -11746| 1,294) 1,726 ayts7| 3,553 2,580) 3,107} 2,762) 4,143] 4,832 3.452| 5.177 


The discharge capacity of a flat seat valve of a given diameter with a gi lift, he ebtaink r mrultinlyine the diecheus artesleal i 
d a given lift may be obtained by multiplying the discharge capacity given in the Tabl 
for a 45 deg. bevel seat valve of same diameter and same lift, by 1.4. : . ei ¥ sf vite pase 


in which W =least width of reinforcing ring, ins., 


t, = thickness of shell plate, ins., ew 


d=diameter of rivet when driven, ins., P. 68, p. 269. “‘ Each boiler shall have two or more safety valves, 
t =thickness of reinforcing ring—not less than thickness of except a boiler for which one safety valve 3 inch size or smaller is 

the shell plate, ins., required by these Rules. P, 68, p. 270. The safety valve capacity 
T=tensile strength of the ring, lbs., per sq. in. of section, for each boiler shall be such that the safety valve or valves will dis- 
a =net section of one side of the ring or rings, sq. ins., charge all the steam that can be generated by the boiler without 
S=shearing strength of rivet, lbs., per sq. in. of section, allowing the pressure to rise more than 6 per cent. above the maxi- 


y =length of opening in shell in direction parallel to axis of | mum allowable working pressure, or more than 6 per cent. above the 
7 shell, ins., ; highest pressure to which any valve is set. 
-V =number of rivets. Pp. 271. ““One or more safety valves on every boiler shall be set at 
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TABLE 10.—DISCHARGE CAPACITIES FOR DriRECT SPRING-LOADED Pop Sarety VALVES WITH 45 Drc. BEVEL SEATs—Continued 
Gee Cpe Diameter, 3 in. Diameter, 3} in. Diameter, 4 in. Diameter, 434 in. 
lbs. per 

Sq. in. Max. Min Int. Max, Min, Int. Max. Min, Int. Max. Min. Int. Max. 

Lift, in Bg 0.05 0.08 0.10 0.06 0.09 Ove 0.07 0.10 0.12 0.08 O.II 0.13 
Is Gimeno 955,500| 716,600 BIg O89 1,433,000] I,003,000] 1,505,000) 1,839,000] 1,338,000] 1,911,000] 2,293,000] 1,720,000 2,365,000 2,705,000 
= = 651 489 782| O77 684 1,026) 1,254 O12 I,303 1,564 1,173 1,613 1006 
} ‘Litt, in 0.08 0.05 0.08 0.10 0.06 0.00 0.1T 0).07 ‘ @). 50 0.12 0.08 0.11 0.13 
25 CED Telos 1,277,000] 957,900] 1,533,000] 1,916,000 ay seity 080 2,012,000} 2,459,000] 1,788,000] 2,554,000] 3,065,000] 2,299,000] 3,161,000] 3,736,000 
Ee labrarsg 871 653 I,046 1,307 914) I,372 1,676 I,219 1,742 2,090 1,568 2,156 2,547 

Lift, in 0.08 0.05 0.08 0.10 0.06 Oo. Onur 0.07 0.10 Onr2 0.08 Seen 0.13 
50 (HEI sure BOSE O09 1,561,000] 2,498,000| 3,122,000] 2,186,000] 3,278,000] 4,007,000 5 on 006 4,163,000] 4,996,000] 3,747,000] 5,152,000] 6,088,000 
Lb, hr I,419 1,064 I,703 2,120 I,490 2,235 2,732 1,987 2,839 3,406 2,555 3,513 4,151 

Moats, 10. « 0.08 0.05 0.08 0.10 0.06 0.09 OVLT 0.07 . 0.10 0.12 0.08 0.1L Onrs 
75 CH Slevarae _ 2,886,000 SCA 00! 3,463,000] 4,320,000] 3,030,000 4,545,000) 5,555,000 4,040,000 5,772,000} 6,926,000 §,194,000| 7,142,000] 8,441,000 
: Lb. hr 1,968 1,475 2,361 2,051 2,066) 3,009 3,788 2,754 3,035 4,722 3,542 4,870 5,756 
Laft, im 0.08 0.05 | 0.08 0.10 0.06 0.09 Ont 0.07 0.10 0.12 0.08 0.11 meee 
100 ET oe exe 3,690,000 2,768,000 4,428,000] 5,535,000] 3,875,000! 5,812,000] 7,103,000] 5,166,000] 7,380,000] 8,856,000] 6,642,000 9,133,000 10,793,000 
Lb. hr 2,516 1,887] 3,010 a7 74 2,642) 3,963 4,843 3,522 5,032 6,038 4,529 6,227 7,358 

Lift, in 0.08 0.05 0.08 0.10 0.06 | @s O. LE 0.07 0. 10 On £2 0.08 OVTL ieee 
125 (OI CS oie pe Ie 51393,000 6,741,000] 4,719,000] 7,070,000] 8,652,000] 6,202,000] 8,988,000'10,786,000| 8,089,000|r1,123,000 13,146,000 
Lb. hr 3,064 2,299) 3,677 4,596 3,218 4,826 _ 5,899 “0 6,128 7,354 5,516 7,583 8,963 

Lift, in 0.08 0.05 0.08 0.10 0.06 Oo. 0.1L 0.07 0.10 0.12 0.08 0.11 0.13 
150 (Cie in ee 5,299,000/3,074,000, 6,358,000} 7,948,000] 5,564,000] 8,345,000 Eee Ono 7,418,000 10,597,000 12,717,000] 9,537,000|13,114,000 15,498,000 
Lb. hr. 3,613 2,710 4,335 5,419 35794) 5,600] 6,954 5,058) pee 8,670 6,503 8,040 10,566 

Lift, in 0.08 0.05 0.08 0.10 0.06 0.09 0.11 : 0.07 0.10 0; 72 0.08 OF; i 0-53 
175 Oo : rn 6,103,000|4,577,000| 7,323,000] 9,154,000 6,408,000) 9,612,000'11,748,000 ; 8,544,000 12,206,000,14,647,000 10,985,000 15,105,000'17,851,000 
Lb. hr. 4,161 3. 121/ 4,993 6,242 4,369 6,553 Boxel 5,824 8,320 9,984 7,490 ace 12,173 

Litt, 10. . 0.08 0.05 | 0.08 0.10 0.06 oO. Onzr 0.07 0. LO 0.12 0.08 Ore ORTS 
200 Co 2 ar 6,007,000|5,180,000) 8,289,000110,361,000 7,253,000 10,879,000/13,296,000| 9,670,000/13,814,000'16,580,000 12,433,000 17,005,000 20,204,000 
Lb. hr 4,709 3,532 5,651 7,004 4,946 7,418 9,068 6,593 9,420 T1,305 8,475 11,655 13,773 

LAfE, In... 0.08 0.05 0.08 0.10 0.06 i Oo. O.1II 0.07 0.10 eee Oatys |) Oar 0.13 
225 a oe 7,711,000 51784,000) 9,254,000/11,567,000| 8,097,000 12,146,000|14,845,000 Pe oeoee 15,423,000|18,507,000 Paeeeone. 9,086,000/22,556,000 
Lb. hr. 5,258 3,944! 6,310 7,890 Fpyash 8,280 10420 Fe 7,361 10,514 12,616 9,465 13,013 15,383 

Lift, in.. 0.08 0.05 0.08 0.10 0.06 Oo. O.IT 0.07 0.10 OLE? 0.08 OQeLE OWE 
2590 Ge (eae ate 8,516,000|6,387,000)10,219,000/12,774,000] 8,942,000 13,442,000116,303,000 re ere 20,438,000|15,328,000|21,076,000/24,908,000 
Lb. hr. 5,807 4,355 6,968 8,708) 6,007 9,143 I1,r75 8,130 I1,614 13,9038 10,448 14,366 16,980 

Lift, in. . 0.08 0.05 0.08 0.10 | 0.06 0.09 0. IE 0.07 0.10 0.12 0.08 @. 1% ; 0.13 
275 CH, tie 9,320,000|6,990,000 11,180,000|13,980,000! 6,786,000|74,679,000|r7,041,000 13,048,000|18,640,000/22,368,000| 16,776,000 93,067,000/27 262000 
Lb. hr 6,355 4,766 7,620 9,533} 6,672 10,005 12,233 8,895 12,707 15,248 11,438 15,7281 18,585 

Lift, in.. 0.08 0.05 0.08 i 0.10 . 0.06 Oo. Ore : 0.07 0.10 0.12 0.08 0.11 0.13 
300 GED ese 10,124,000 7,593,000 12,149,000 15,186,000 10,630,000175,946,000 19,489,000 1A, 574,000120,249,000 24,298,000 18,224,000/25,058,000, 29,614,000 
jie ee b Sona 5.177| 8,280 10,358 ; 7,248 10,875) 13,290 9,668 13,807| 16,568) 12,428 17,088 20,195 


The discharge capacity of a flat seat valve of a given diameter with a given lift may be obtained by multiplying the discharge capacity given in the Table 


for a 45 deg. bevel seat valve of same diameter and same lift, by 1.4. 


or below the maximum allowable working pressure. The remaining 
valves may be set within a range of 3 per cent. above the maximum 
allowable working pressure, but the range of setting of all of the valves 
on a boiler shall not exceed 10 per cent. of the highest pressure to 
which any valve is set. 

PrOG. Pp: 272: “Safety valves shall be of the direct spring loaded 
pop type with seat and bearing surface of the disk either inclined at an 
angle of about 45 deg. or flat at an angle of about 90 deg. to the center 
line of the spindle. The vertical lift of the valve disc measured 
immediately after the sudden lift due to the pop may be made any 
amount desired up to a maximum of .15 in. irrespective of the size 


27 


of the valve. The nominal diameter measured at the inner edge of 
the valve seat shall be not less than x in. or more than 44 ins. 

P. 274. “The minimum capacity of a safety valve or valves to be 
placed on a boiler shall be determined on the basis of 6 Ibs. of steam 
per hour per sq. ft. of boiler heating surface for water tube boilers, 
and s lbs. for all other types of power boilers, and upon the relieving 
capacity marked on the valves by the manufacturer, provided such 
marked relieving capacity does not exceed that given in Table ro. 
In case the relieving capacity marked on the valve or valves exceeds 
that given in Table ro, the minimum safety valve capacity shall be 
determined on the basis of the maximum relieving capacity given in 
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Table 10 for the particular size of valve and working pressure for 
which it was constructed. The heating surface shall be computed 
for that side of the boiler surface exposed to the products of combus- 
tion, exclusive of the superheating surface. In computing the heat- 
ing surface for this purpose only the tubes, shells, tube sheets and the 
projected area of headers need be considered.” 

Table to for the discharge capacity of safety valves was computed 
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C=total weight or volume of fuel of any kind burned per 
hour at time of maximum forcing, lbs. or cu. ft., 

H =the heat of combustion, B.t.u. per Ib. or cu. ft. of fuel 
used, 

D=diameter of valve seat, ins., 

L=vertical lift of valve disk, ins., measured immediately 
after the sudden lift due to the pop, 


Maximum Pitch, Ins, 


api 14 1% 13%. 2 28 2M 234 
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Traced downward from the maximum pitch to the curve for the diameter of the rivets and then to the left where read the per- 
centage of plate strength. 


Fic. 24.—Percentage of plate strength of boiler joints. 
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Maximum Pitch divided by number of rivets in Pitch and multiplied by Plate thickness in sixteenths 


Fic. 25.—Strength of boiler joint rivets compared with the solid plate. 


ion es (uw) and (v) wherein it is expressed as the product 
ce 

a ae “ 421. The discharge capacities are given in Table 10 

eac valve size at the pressures shown and are calculated for vari- 

ous valve sizes, pressures and for three different lifts. The discharge 

Capacities are proportional to the lifts, so that intermediate val js 

may be obtained from the table by interpolation, dices 


P=absolute boiler pressure or gage pressure plus 14.7 lbs 
per sq. in., 
t100 =the number of B.t.u. required to change a pound of feed 
___ Water at roo deg. Fahr. into a pound of steam. 
The boiler efficiency is assumed as 75 per cent. 
The coefficient of discharge, in Napier’s formula, is taken as 96 


per cent. 


- a 
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8 


8 
Ss 


g 


Temperature of Water, Deg.Fahr, 


8 


LUT 
laa. et 4 6 ee Team 8 


9 10 11 12 18 14 15 16 Li Als 


Per cent. Saved 
#rom the final temperature at the left trace horizontally to the diagonal leading from the initial temperature and then down 
where read the percentage of saving. 
Fic. 26.—The saving due to heating feed water for steam boilers. 


CXHX.75 _ 3.1416 XD XL X.707 XP X-96 for valve with 45-deg. 


1100 X3600 — 70 seat (t) 
CH =160,856XP XD XL for valve with bevel seat at 45 deg. —_ (uw) 
CH = 227,487 XP XD XL for valve with flat seat at 90 deg. (v) 


8000 2500 2000 1500 1000 500 0 50 1,00 150 2,00 2.50 3,00 
Total Loss per Year of 320 Days Price of Coal per Ton 
Dollars Dollars 


From the price of coal per ton trace upward to the line for the 
thickness of scale, then horizontally to the line for the number 
of tons of coal consumed per day, then down, and read the loss 
in dollars per year of 320 days. 


Fic. 27.—Loss of coal due to scale in boilers. 


The report of the A. S. M. E. Boiler Code Committee makes no 
provision for other than spring-loaded safety valves. The Massa- 
chusetts code includes Table 11. 


TABLE 11.—AREAS OF GRATE SURFACES IN SQ. Fr. FOR OTHER 
THAN SPRING-LOADED SAFETY VALVES 


Over 25 to| Over 50 to 
50 lbs. 100 lbs. 


Zero to 
25 lbs. 


Maximum pressure allowed per sq. in. 
on the boiler 


Diameter of valve Area of valve A 

een i Area of grate in sq. ft. 

in ins. in sq. ins. 
7 -7854 156 TAS 2.00 
14 Tr. 2272 2.25 2.56 3.00 
114 5.7671 3.00 Bots = 4h 4.02 
2 3.1416 5.50 6.50 7.00 
2h4 4.9087 8.25 I0.00 II.00 
3 7.0686 Gra7s I4.25 16.00 
314 9.6211 16.00 19.50 QT 7S 
4 12.5660 21.00 25.50 | 28.25 
434 I5.9040 26.75 32.508 | 36.00 
5 19.6350 Soniye 40.00 44.00 


The capacity of safety valves, according to the regulations of the 
Board of Supervising Inspectors of the Steamboat Inspection Service 
of the United States, is expressed by the formula: 


W 
| A=.2074 Pp 
in which A =area of valve disk, sq. ins., 
W =weight of steam discharged per hour, lbs., 
P =absolute pressure, lbs. per sq. in. 


The above formula, due to L. D. Lovekin, chief engineer New 
York Shipbuilding Co., assumes the lift of the valve to be one- 
thirty-second of its diameter. Experiments by P. G. Darling, 
mechanical engineer Manning Maxwell and Moore (Trans. A. S. 
M. E., 1909) show that safety valves do not lift in proportion to their 
diameters; that the lift is practically the same for a large, as for a 
small valve, smaller for the larger valve if anything, and is around 
three-thirty-seconds of an inch for all valves in normal condition. 
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; OAL 
s AND HeaTING VALUE OF AMERICAN 
TABLE 13.—PROXIMATE ANALYSIS io Ribs We : 
From Steam, By Permission of the Fie 
Heating Volatile Heating evaporation Ibs. 
: . Sul- | value perlb.| matter per | value per Ib. | oe om and at 
Mow) | \cletle| see Ash phur coal, heat cent. of com- combustible, aud” pee Ieee 
ture matter | carbon Be Sestible ee es hese es 
| 
| 15.42 
i 60 5.00 14,900 

Anthractte. 8 Saree rhea 73 13,1 
INorthern coal fieldimcecuins > sei ee 3.42 4.3 a s pias eg eee 3-44 14,900 5.42 
East Middle coal field.............-- 3.71 3.08 5 e we re ecg ae mye 15.42 
West Middle coal field.............+. 3.16 ae s tte ie eA pats 4.85 14,900 5.42 
Southern coalltieldijcss otis s sis oes sres 3.09 4.2 3- 3 

EOE A eal 88.40 |) 5.66 Josnecneafuvetscedeeatlls cee cen Nason oe se wee See ee eee 
Egg, screen 2}-1$ ins... +. .fee- eee feeee sees ee ipien een Meee MOR LETE ED 
pies: peter eae Pe ee ae ee Cy A es ery errr tre he oa a Pee ee 
Chestnut, screen 1}-} oe ee eo eee 14.66" occ cee ee ae ee 
Bees Se eR a aoe ge ae 6ae EGS OZ lace: os %eleie!s [ene aie ci avooeianalelfia eae) os etetgiie tele fone ced ey ayetieiete es ielaealiet = eta ae ear 
Buckwheat wp SCrEeD =F Use olecs.c eyes eiflecses,.s. chetacs|lie pays «0c : fe: 

a we é 15,500 16.0 
Semi-A nthracite 0 Bross gel certs 1.63 13,920 8.86 555 ee 
meWovalsock teld oo ociictscevals sieeve a spo i : ie nae 10.98 15,500 

i i 65 9.40 | 83.69] 5.34 9 , | 
Bernice DASituseryss.ciicineise + sieve tere ereven? A a 
Semi-Bituminous. een tee ape : 
.61 7 OS 5.40 -90 4, 
Ceops Pa atu naeirah see cacenaw cu -79 I5 | : berks at 
Rees cnc 1 ae el ae 76 22.52 | 71.82] 3.90 .91 14,950 | 24 - a — 
i j : : I9.20 7e 32 7.04 t.70 14,450 22.7 = 
Cambria County. Pacccees oes nn: ae aus ae Sa ge ) RE op Se él 
UY eats Seas oles ersiss 5 16.42 c s . , pee 
eee ae SA Ooh ton eR TOO I.09 17.30 Raa 7.45 -74 14,400 19.79 payee a 
Pocahontas Va 8, acon Porn, Rare ae I.00 21.00 74.39 3.03 -58 15,070 22.50 / : tne a 
New River Ww. Viale eros ecisirees acta 85 17.88 77.604 3.36 27 i E5220 18.95 5. ) 

Bituminous. | : ree. 7s ae 
Connellsville; wPa. emer evinces tciodce: 1.26 30.12 59.61 8.23 -78 | 14,050 eng * ow oo 
Mourmiopheny, Pa meets ance acc cies I.03 36.50 59.05 2.61 - 81 14,450 oeas ; ae aes 

i 8.02 1.80 13,410 : ; ; . 

IE Chs nun orpdeeuseueteiars tne cenit ote eottoec aioe, 2.37 35.90 52 2e ; c ; ‘ . ae 
Jefferson County, Pa..... Biomech tyes LOOT 32053 60.99 4.27 E.00: | 14,370 35-47 sp / Beg 
Middle Kittanning seam, Pa......... 1.81 Neck) 53.70 7.18 1.98 13,200 40.27 4,5 : : 
Upper Freeport seam, Pa. and O I.93 35.90 50.19 9.10 2.890 13,170 | 43.59 14,800 nes 
Meavand. Of. 4 | 
Thacker) Wi. Vain. cee Sao Sotan eee 1.38 35.04 56.03 6.27 E228 14,040 39.33 — a 
acksous ConntysOr ee cceeriice eee. 3.83 32.07 57.60 On 5G in ere be 13,090 35.76 ) 14,600 ~ 
Brier Hill, O 4.80 34.60 56.30 Pie, (6 Mma We pn. gE 13,010 | 38.20 | 14,300 / 14. : 
1 PM eee thats leis's Shab Stove seePadenot havea | : | = 
Hocking Vialley:.O. clases cele. oe 6.590 34.97 48.85 8.00 I.59 12,130 } aacks 14,200 ) a _ 
Wandernooly Keys .c.ceecee tetecac cc Je 4.00 34.10 54.60 Tee en I oe 12,770 38.50 vere : = 
Muhlenberg County, Ky............. Aves 33-05 55.50 4.95 I.57 13,060 / 48. = Be ae 
Scott County, Menn..-..6.-.+.0.5... 1.26 35.76 53.14 8.02 1.80 13,700 34.17 Kfar A Sigs- 
Neferson County Alay wench os... bess 34.44 59.77 2.62 yer. | 13,770 37.63 pains ? ; “= 
SMMC lye lll aro wacg vo estthere, ee, des: 7.50 30.70 53.80 SOG. Raves ae 12,420 36.30 } 14,700 me 
Mata O live Lloret hati arccritiier occ co II.00 35.65 37.20) Fs, GOP se as 10,490 47.00 13,800 ae 
SSETEACOL NU acini aac Necckicwoc 2 I2.00 33.30 40570! |) 14:00) ilnceeeene o 10,580 45.00 14,300 : i 14.80 
ISSO MEI Mert oie aes occeiieiecse a coe oe 6.44 SWhatstys 47.94 SOG oN oa aor 12,230 43.94 14,300(?) 14.80 
Lignites and Lignitic Coals, | ; 
Mare ater egttant Morar etoys eteiies le acs. 5 chee cxcewk 8.45 37.09 3500) |e tS s8oue boo ae 8,720 51.03 ) 12,000( ?) | 12.42 
PWiy.Onaia SAP nani dors (Sine afcce eect 8.19 38.72 AL CSS) eT Lee: si aeneeee 10,390 48.07 | 12,900(?) 13.35 
WEG: opioid > Me Gees eee ee 9.29 41.97 44.37 3.20 1.18 II,030 48.60 ; 12,600(?) 13.04 
OregomMlignitoneee,:racetA. cb. e os... 05.25 42.98 33.32 9.42 1.66 8,540 | 54.95 Ir,000(?) Ir.39 


From this fact and Napier’s formula for the discharge of steam through 
an orifice, Power (Mar. o, 1909) deduces the very simple formula: 
W 
= Fe 
in which d=diameter of disk, ins. 
the remaining notation being as before. 
Mr. Lovekin’s formula, which has proven sufficient, gives the 
same results as Power’s formula for valves of 2.64 ins. diameter. 
The Massachusetts formula is: 
Ww 
A=770 ?P 
in which A =total area of safety valve or valves, sq. ins., 
W=lbs. of water evaporation per sq. ft. of grate surface 
per sec., 
P=boiler pressure (absolute), 


The Philadelphia formula is: 
oo LEGG 
~ PX8.62 


in which A =area of safety valve, sq. ins. per sq. ft. of grate, 
G=grate area, ole tite, 
P=boiler pressure (gage). 


The saving due to heating feed water for boilers may be determined 
from Fig. 26 by W. M. Wricut (Power, June 25, 1912). The use 
of the chart is explained below it. The chart is calculated for 100 
Ibs. boiler pressure. For 50 Ibs. pressure, percentages are less than 
-t5 higher. For 200 lbs. pressure, percentages are less than .2 
lower. 

The loss due to scale in boilers may be estimated by the use of 
Fig. 27 by Cas. BrossMANN (Power, Apr. 16, 1912). The use of 
the chart is explained below it. 

The horse-power of chimneys is given in Table 14 from Wm. Kent’s 
well-known formula, the figures for the horsepower being, however, 
increased for the larger sizes by unimportant amounts by the Bab- 
cock & Wilcox Company. The table is based on the assumption 
that a commercial horsepower requires an average consumption 
of 5 lbs. of coal per hour, 


Hanging or Supporting the Boiler 
The boiler should be supported on points where there is the greatest 


“excess of Strength. Excessive local stresses from weight of boiler 


and contents must be avoided and distortion of parts prevented by 


using long lugs or brackets, and only half the stress which they may 
carry In the seams, to be allowed on rivets, 


nie 
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TABLE 14.—HORSE-POWER OF CHIMNEYS FOR STEAM BOILERS 
From Steam, By Permission of the Babcock & Wilcox Co. 
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Diameter Height of Chimneys and Commercial Horse-power Side of Effective A 1 
in ins. ees oar square, area, sq. chal aren: 

50 ft. 0 ft. | 7o ft. 80 ft. | 90 ft. | roo ft. | ELO tte | 125 ft. | TsO fta E75 ft 200 ft ins. Ets ear: 

18 or 25 Hmm | eon Maca vont nar tetad Paeniogrnecetessl (fics. etetere eel teona cwlieeecneiatcallles we 16 
21 35 38 41 es em ee ee re wie ok 19 a ae 
24 49 54 58 Coe ae Me eek MAME as | 22 mae a 
27 65 72 78 epee SES cst dior tate Menace [GAT eae eam (en (ea 24 2.78 ae 
30 84 92 100 107 Peri cs I sy SG A 27 3.58 Fi 

ileal ARR cen IIs I25 133 HELV 9 AMNews ics ORS Fat] SaNean BAER | Renee Ch atc) IC SCARE Sa Rae ole 

B30 a iyersresercech: I4t 152 163 I73 182 eee Ni eee eee al ta cee is Oa ee 
OMe Rec eltts, oe a srs 183 196 208 ius a [is oases eevee (ot Canes olptscted ituea rire terial lt cue Rca aeere | Pea eos 35 6.57 8. 30 
pie lawl 2 ae of a a 216 231 245 258 27 Deere creel Ae Celok eee ee Rare 38 1.76 pie: 
ADM | ecu cbew fever allie ci ctcscc ae liste ale. 6.« SIT 330 348 365 PSO Mal oeewetay Mois: tatieirel eactiete ce mute. ealtewcle 43 10.44 12.57 
e eM feupsllSsaie. «x,.cfciNielo acts, & oye « 363 427 449 472 503 Bibs 1 ls cusietuons atoillecatye ne 48 13.52 15.90 
a) Vee ae ed ae 505 536 565 503 632 692 ABS wllawiia aroun o 54 16.98 19.64 
Soe et Maw ete Hf Tevins S. cies acl lee nies Yer sa Wearessens 500s 658 604 728 776 840 018 O81 59 20.83 23.76 
fee Stes foxes cy onto. 6 wieve'| axale apie icl a @ seca 3x 792 835 876 034 1023 IIO05 II8r 64 25.08 28.27 
MMC Meetere Serene acts Rha olor celle mare aroodalicce oaee ane 995 1038 II07 T2T2 I310 1400 70 29.73 33.18 
EYL © Wie. Ricans! PR eich atest (eee ee | eM (oa 1163 I214 1204. I418 I531 1637 75 34.76 38.48 
TN) Cat eae ae : ia Aa Said ead SOR goes | ROR aac nol (Oat acer 1344 I4I5 1406 1639 1770 1893 80 40.19 44.18 
DOME Stan Sellen ae ms we AN oe Cen 1537 1616 1720 1876 2027 2167 86 46.61 50.27 
a8 Rape yee peas ee nee ease (eden a eta 1046 2133 2303 2462 90 52523 56.75 
eed crate rye Oh tiga eet es ol Rae ey (RE a a a ee | 2192 2402 2594 2773 06 58.83 63.62 
PE MEST es vi (Seon lnm ccc Cnn) Cetin (nena 2459 2687 2003 3003 IOI 65.83 70.88 
120 Feb cna DRTEICRONE aeel loeroire ae Peresere eves sere oier us tetods i} arnthane vag |teWencimasretayg lied sea fallats a 20090 3230 3452 106 73.22 78.54 
TES oN a Sige cic Meare ees (eee | eared te tocell een Cs coae saree eee ectntes seallty hey oy etettet state eci acteurs 3308 3573 3820 I12 81.00 86.590 
LEED 0 Tie tS ae! een (acer | eaten ere al lias Preewea tere, Sst wel Ree NA cue deep evel t Xr aireoe oe 3642 3935 4205 .r7 89.19 95.03 
138 OS le a ea | eS ert Pe Be Nes, Se ate eseit OMe rs aketn Sule Meare ih Sellers eats ve 3001 A311 4608 122 97.75 103.86 
144 See. Re ae | eae Spa agar AN el Sree ih le ticc cy SI ers Ie 4357 A707 5031 127 106.72 I13.10 


The supports must permit rebuilding the furnace without disturb- 
ing the proper suspension of the boiler. The boiler should be slightly 
inclined so that a little less water shows at the gage cocks than at 
the opposite end. 

The percentage of plaie strength of boiler joints may be obtained 
from Fig. 24 (Amer. Mach., June 16, 1892). Theuse of the chart is 
explained below it. 

The strength of the rivets of boiler joints compared with the strength 
of the solid plate may be obtained from Fig. 25 (Amer. Mach., Apr. 
14, 1892) which is drawn for Lloyd’s and the British Board of Trade 
rules. The use of the chart is best shown by an example: 

Find the percentage of strength of rivets in single shear com- 
pared with the tensile strength of the solid plate in the case of a 
double-riveted lap joint; plate thickness 4 in., rivets } in. diameter, 
pitch 2} ins., iron plate and rivets. Divide the maximum pitch by 
the number of rivets in one pitch length and multiply the quotient 


2. A 
by the plate thickness in sixteenths of an inch; 7.e., = X8=10. Find 


the intersection of the ordinate 10 on the chart with the curve for 
3in. rivets and read 71 per cent. for punched plates. If rivets 
in double shear are considered to be 75 per cent. stronger than in 
single shear, multiply the result given by the chart by 1.75. 

By a reverse reading the rivet diameter can be obtained if the 
pitch, number of rows, plate thickness and percentage of strength 
are given. 

The resistance offered by the expanded tubes in tube sheets formed the 
subject of experiments by Prors. O. P. Hoop and G. L. CHRISTENSEN 
(Trans. A. S. M. E., 1908) of which the following are the conclusions: 

The slipping point of a 3-in. twelve-gage Shelby cold drawn tube 
rolled into a straight smooth machined hole in a 1-in. sheet occurs 
with a pull of about 7000 lbs. 

Various degrees of rolling do not greatly affect the point of initial 
slip. 

The frictional resistance of such tubes is about 750 lbs. per sq. 
in. of tube-bearing area in sheets $ in. and 1 in. thick. 

For a higher resistance to initial slip other resistance than friction 


must be depended upon. 


Serrating the tube seat in a straight machined hole by rolling or 
cutting square edged grooves .or in. deep and ten pitch will ‘aise 
the slipping point to three or four times that in a smooth hole. 

It is possible to make a rolled joint that will offer a resistance 
beyond the elastic limit of the tube and remain tight. 


TABLE 12.—PROPERTIES OF STANDARD BOILER TUBES AND FLUES 
WEIGHTS AND DIMENSIONS ARE NOMINAL 


From the National Tube Company’s Book of Standards 


Sq. ft. of 
% ‘ f 
Diameters Thickness [Weight Dest’ oF tube surface per 
per sq. ft. x 
per lineal ft. 
Exter- | Inter- ft. External] Internal | External! Internal 
Ins. | B.W.G 
nal nal surface | surface | surface | surface 
es T.560| .005 13 1.679] 2.182 2.448 -458 .408 
2 I.810] .095 13 1.932] 1.909 2.110 +523 -473 
2} 2.060] .005 13 2.186} 1.607 1.854 .589 .539 
2h 2.282] .109 I2 21. '7.3.3)l| os 27 £6073 654 -597 
ai 2.532| .109 I2 3.074| 1.388 1.508 +719 662 
| 2.782] .109 12 3.305] T.273 1-373 -785 +728 
34 3.010] .120 si 4. Orr 1.175 1.269 -850 .788 
34 3.260] .120 TI 4.331] 1.001 Hee -9O16 -853 
34 32520) 1120 It 4.652] 1.018 1.088 981 -918 
4 3-732] -134 10 § .532 +954 1.023 1.047 +977 
4h 4.232] .134 Io 6.248 .848 -902 1.178 I.107 
5 4.704| .148 9 7.660 .763 812 1.308 Te2or 
6 5.670] .165 8 10.282 -636 .673 I.570 1.484 
a 6.670] .165 8 12.044, .545 e772 1.832 1.746 
8 7.670) .165 8 13.807 +477 -408 2.004 2.008 
9 8.640} .180 7 16.055 +424 -442 2.356 2.261 
10 9.594| .203 6 21.240] .381 .398 2.617 2.511 
II 10.560] .220 5 25.329| .347 «361 2.879 2.764 
12 EX .SA2) 6229. cect 28.788 .318 +330 3-141 3.021 
13 12.524] .238 4 |32.430| .293 +304 | 3.403 3.278 
14 73.504) 0248 |iacse 36.424 .272 .282 3.665 S585 
TS 14.482] .259 3 40.775| -254 263 3.926 3.791 
16 15.460] «270 |.scs-ee 45.359 .238 247 4.188 4.047 


From Steam, By Permission of the Babcock & Wilcox Co. 
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TABLE I.—PROPERTIES OF SATURATED STEAM 


| 


Factor of equiv- 


| Total pressure 


Ta- 
Lays above vacuum 


400 


Pressure in Temperature in | Total heat in Heat in liquid Heat of vapor- Density or Volume of x 
Basyret ed: deg. heat units from | from 32 deg. in | ization, or latent weight of cu. 1s ae ee 48 alent eva ) 
in. above Raho water al 32 deg. units heat in heat om ft. in lbs. tion at 212 deg. 
vacuum 
I IOI.99 LITZ3.1 70.0 1043.0 .00299 334.5 -9661 
2 126.27 1120.5 94-4 1026.1 .00576 173.6 -9738 
3 I4I .62 TEQ5 0k 109.8 1015.3 .00844 118.5 -9786 
4 153.09 1128.6 121.4 1007.2 ~O1107 90.33 -9822 
5 162.34 TEs ES 130.7 1000.8 .01366 73-25 -9852 
6 170.14 1133.8 138.6 995.2 ~O1622 61.65 -9876 
7 176.90 1135.9 145.4 990.5 -O1874 53-39 -9897 
8 182.92 ET3 7.07 EStS5 986.2 02125 47.06 -9916 
9 188.33 II39.4 156.9 982.5 -02374 42.12 -9934 
Io 193.25 II40.9 161.9 979.0 02621 38.15 -9949 
15 213.03 II46.9 181.8 965.1 .03826 26.14 I.0003 
20 227.95 II51.5 196.9 954.6 .05023 19.91 I.0051 
25 240.04 impayijoe 209.1 946.0 .06199 16.13 I.0099 
30 2501.27 1158.3 2190.4 938.9 .07360 13.59 1.0129 
35 259.19 II61.0 228.4 932.6 .08508 II-75 I.OIS7 
40 267.13 1163.4 236.4 927.0 .09644 10.37 I.o182 
45 274.29 1165.6 243.6 922.0 .1077 9.285 I.0205 
50 280.85 1167.6 250.2 917.4 . 1188 8.418 I.0225 
5 55 286.89 II169.4 25053) 913.1 -1299 7.698 : 1.0245 
60 202.51 Try Tee 261.9 909.3 - 1409 7-097 1.0263 
) 
65 207.77 EL7267 207 6a 905.5 .-I519 6.583 I.0280 
70 302.71 II74.3 ilove: 902.1 1628 6.143 1.0205 
15 307.38 Ee Sai 276.9 898.8 ai736 5.760 ] 1.0309 
80 311.80 1177.0 281.4 805.6 . 1843 5.426 | 1.0323 
85 316.02 1178.3 285.8 892.5 -IQ5I 5.126 1.0337 
90 320.04 II79.6 2900.0 880.6 -2058 4.850 1.0350 
95 323.890 1180.7 294.0 886.7 ~2165 4.6190 1.0362 
100 327.58 Ir81.9 207.9 884.0 -2271 4.403 1.0374 
105 SYehie gag) 1182.9 301.6 881.3 -2378 4.205 1.0385 
Ito 334.56 1184.0 305.2 878.8 -2484 4.026 1.0306 
IIS 337.86 1185.0 308.7 876.3 .25890 3.862 . 1.0406 
120 341.05 1186.0 312.0 874.0 2605 3. Tae | 1.0416 
125 344.13 1186.9 315.2 832.7 .2800 3.571 1.0426 
a I30 347.12 1187.8 318.4 860.4 . 2004 3.444 1.0435 
140 352.85 TI890.5 324.4 865.1 3113 3.212 / 1.0453 
I50 358.26 TOE 2 330.0 861.2 +3321 3.011 / 1.0470 
160 363.40 TI92.8 335.4 857.4 -3530 2.833 1.0486 
170 368.29 1194.3 340.5 853.8 -3737 2.676 1.0502 
ioe a72507, 1195.7 345.4 850.3 0.3045 2.535 1.0517 
Eo 377.44 I197.1 350.1 847.0 -4153 2.408 1.0531 
200 381.73 1198.4 354.6 843.8 +4359 2.204 ) 1.0545 
225 391.79 1201.4 365.1 836.3 4876 2.051 1.0576 
250 400.99 1204.2 374.7 820.5 -5393 1.854 1.0605 
275 409.50 1206.8 383.6 823.2 5013 1.601 1.06 
Q .0632 
300 417.42 1200.3 301.9 817.4 644 1.553 1.0657 
aha dete napees 309.6 811.9 606 1.437 1.0680 
350 431.90 1213.7 406.9 806.8 748 1.337 ‘ares 
375 438.40 1215.7 414.2 801.5 .800 1.250 Save 
400 445.15 1217.7 42t. 6: ; ah fy 
i a 4 796.3 .853 1.172 1.0745 
JO0soi7 1224.2 | 4a. 779.9 1.065 030s Pekes 


Steam and Coal Consumption 


The steam consumption of steam engines varies with the type. Single- 
cylinder non-condensing engines use 28 to 50 lbs.; ordinary compound 


condensing engines use 18 to 22 lbs.: 
expansion condensing engines utilizing superheated 
duced the steam consumption below 12 Ibs. per h.p. hour. Table 2 
various types of pumping engines. 


422 


. 500 


gives the relative efficiency of 


while the best types of multi- 


steam have re 


TABLE 1A.—PROPERTIES OF SUPERHEATED STEAM 


tracted from Marks and Davis’s Steam Tables and Diagrams by permission of the publishers, Messrs. Longmans, Green & Company. 
temperature Fahr.; »=specific volume, cu. ft. per lb.; h=total heat, B.t.u. from water at 32 deg. 
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Degrees of superheat 


Sat. 
Water RE 
20° 30° 40° 50° 60° 70° 80° Ir0° 160° 180° 200° 
228.0 248.0 268.0| 278.0] 288.0] 298.0) 308.0 328.0] 338.0 388.0 408.0 428.0 
.02 20.08 E 20.73 AD STi ak « & 22700 922-..32)| 22.03 23.56 25.05 25m 72 26.33 
196.1 I156.2|1160.9|1165.7 I175.2|1179 .9|T184.6|1189.3\1194.1 1208 .3 1231.8 1241.2) 1250.6 
240.1 260.1 280.1] 200.1] 300.1} 310.1] 320.1 sie ckevelign 400.1 420.1 440.1 
02 16.30] 16.57] 16.84 UPS s) LOO, 7 oO) £S.0r) Te. 36 18.86] I9.11 20.35 20.84 2.32 
208.4 1160.4 II70.0 1179 .6/£184.4|1189.2/1193.9|1198.7 2'1273.0 1236.6 1246.0 1255.6 
250.4 260.4] 270.4 290.4| 300.4] 310.4] 320.4] 330.4 350.4| 360.4 410.4 430.4 450.4 
eUe 23-74 13-07). 14.19 14.62) 14.83] 15.05] 15.26] 15.47 I5.80| 16.10 17.04 0755 I7.97 
218.8 1163.9/1168.8/1173.6 TI183.3/1188 .1/1192.9/1197.7|1202.5 I212.1|/1216.9 1240.7 1250.2 |1250.7 
259.3 269.3] 279.3 299.3} 309.3] 319.3] 329.3] 339.3 369.3 419.3 439.3 459.3 
-02 11.89} 12.09] 12.29 LALOT| TANS) 13.03) D3.an) 13.30) : 13.93 14.83 F518 15.54 
227.9 1166.8/1171.7|1176.6 I186.4/TIO1.3/11906.1 T201 0/1205 .8 I215.4|1220.2| 1244.2 1253.7) 1263.3 
267.3 pie) 3 ee SEQ SiGe 763 3373 347.3 le oi ee 3 4673 
.02 10.49] IO. 10.83 PH .LO Less] cx, .SOle Lr rr Se 22 , ‘ : 
236.0 1169.4/1174.3|1179.3 I189.1/II94.0|/1198.9/1203.8/1203.7 I218.4|1223.2 1247.2 1256.8 1266.4 
274.5 284.5| 204.5 314.5) 324.5) 334.5) 344.5] 354.5 -5| 384.5 434.5 454.4 474-5 
.02 9.39] 6.55] 9.70 10.00} 10.14] 10.29} 10.44] 10.58 10.86] II.00 bie 71 II.99 12.27 
243.4 II71.6\1176.6/1181.6) II9OI .6/1196.6/1201.5/1206.4/1211 3) $925.9 1250.0 8)/1250.7 1269.3 
281.0 ee eae Bee 331.0} 341.0] 351.0 a ye 391.0 oad are pee 
02 8.51} 8.65 Af 9.0 9.19) 9.32) 9.45) 90.5 9 9.97 .61 : : 
250.I 48173 .0\1178 .7 1183.7) |TT93. 8)T198 .8)1203.8|1208.7|1213. 6) 1223 .4|1228 .3 1252.5 1262.2 1271.8 
202.7 302.7| 312.7 3327) 342.7] 352.7| 362.7] 372.7 392.7] 402.7 452.7 472.7 492.7 
rol ers) 7.20) F240 TEOSI 7=75) 17:80) 7297) °° 8208) 8.30] 8.41 8.04 9.15 9.36 
262.1 1177.0/1182.2/1187 .3} TI97.5,)1202.6|1207.7|1212.7/1217.7) 1227 .6/1232.5) 1256.9) 8/1266 .6 5|1276.4 
302.9 312.9) 322.9 342.9! 352.9] 362.9] 372.9] 382.9 -9| 412.9 462.9 482.9 502.9 
02 6.20} 6.30) 6.40 6.62) 6.71] 6.8%) 6:90), 700 7. LON 2s vee Oe) 8.11 
272.6 I1179.8/1185.1 jt190.4, I200.8/1205 .Q|/I2II.0|/1216.1|1221.2 1231 .2|1236.2 1260, 7 1270.4/1275 .3|1280.2 
312.0 322.0] 332.0 352.0} 362.0 han oeeo pes aeeee Cee te) 472.0 ce ary 
-02 : -56| 5.65 5283) 15.02 -00 09 I 34 -42 : . : 
282.0 tee me II93.0 }1203 .6/1208 .8/1214.0/1219.1/1224.2 1234 .3)/1239.3 1264 0 1273 .8 1283.6 
320.3 330.3} 340.3 360.3] 370.3] 380.3] 390.3! 400.3 cee a sa) S022 ooo a s30.3 
.02 8 o7 05 5.21 5-29} 5-37 5.44 5-52 : : : 
200.5 Aer oy 5 ee ° 4 Ee ea }1206 . 1/1211 .4\1216.7/1221 .9|1227.0 1237 .2)1242 2 1266.9 1276.8 {228626 
327.8 337.8! 347.8 367.8) 377.8 = 397.8 aU | sca le Ree 8 307,8 Seu: 
-02 : I 5 4.72) 4.79) 4 4-93) 5.0 : . ; 
Be 5 oe Ne roy 5| 1208 .4|1213 .8)1219.1|1224.3/1220.5 1239 .7|1244.7 1269.6 1279. 5 1289.4 
334.8 344.8] 354.8 374.8 Bane 394.8) 404.8 Cae eae gees ae ee | oscit 
0 -12 18 4.32] 4.3 4.45] 4.51 5 : 
305.5 Pens olzs03.8 1199.4| 1210.5 1215.9 1221.2/1226.5/1231.7) P22 Pea Ta SE |1282.0 ‘1201.9 
I 61 381.3) 308.3) 40f.3) ATI .3) 422.3 441.3] 451.3 $01.3 521.3 541.3 
cog 5.73 a. 79 °3 85 3.98] 4.04; 4.10] 4.16) 4.22 4.33] 4.39 4.68 |_ 4-78) 4.89 
312.3 1189.6|t195.4|1201.1| 1212.4) 1217.9 1223 .3/1228.6 1233.8 ee 1274 .3} 1284.2 1204.1 
eee 87. .4| 407.4] 417.4] 427.4 447.4] 457.4 507.4 527.4 547.4 
OSS OAR Ree 48s 28754) Arad] “a 208) Scag) “S| “08 49709 28) 44 4.30 deal aaa) 454 
er II9I.0|I197. olt202. 8) 1214 .1/I219.7/1225 .1|1230.4)1235.7 1246 .1|/1251.2 {2271 .4|1276.4 4 12863) |1206.2 
353-1 363.1] 373-1 393.1) 403.1) 413.1 Aay-3 433-1 ee nao 00) 405 or Apa 
: 2 -32 3.44) 3-49) 3.54) 3.60) 3.65 : 
6 ee 1108. Le 1215.8 1221.4 1226 8/1232. 2|1237-5 1248 .0|1253.1 1278.3 1288.3 [aoe 2 
Se Se ee “Eh a8 38. 458.5| 468.5 518.5 538.5 558.5 
ea es en as, as ay S38 BarP rabstl cs lade sh obied 
330-2 Meee alrr06. 6\1205.7) 1217.3 1223.0|1228 .5|1233 .9 1239.2 1249 .6|1254.8 1280.1 #4)E 390-2 )4295 (220058 
363.6 _ | 373.6| 383.6 403.6] 413.6| 423-6] 433.6] 443.6 Se hg ae Sieger | 3:66 93.74 
.8 2.88) 2.93 POs so 07| .12 ; ; 5 - : 
1335.6 etoacs 1200 .8|1207.0 |1218 .8 1224.5|1230.0|1235.5.1240.8 1256.5 1281.8) |1201.8 1301.7 
| 8. 
BeBe) 5_[ 6783] 988-3) o0tis| aa8aa| a785 3) Matos] oats) aaPoe| AShag| “etal “a8is Te care 
.68| 2. 2.78 2.86) 2.91 -95) - 00) F F | | | 5 
340.7 1105-4 12020112082 1220.2 1225.9 1231.5 1237.0 1242.3 i252 -8)r456).0 [283 4) 1203.4 1208. SI SRERS 
373.1 | 303.7 Rie er ee Agel Ps oa ue 5338 eee 
02 25a 2.58) 2102 2.71} 2.75) 2.80) alee me 1254.3) 1259. 5| 1284.0 1204.9, 1304.8 
345.6 1196.4) .0/I209 .4 }I221.5|1227 .2)1232 .8)1238 .4/1243. | 
7.6 57.6) 77.6| 487.6 537.6 557.6 577.6 
377-6 397.6 8 ass ie ete Aan Gy ag oe ah abs 3.04 Siro 3,19 
I 2.49 : | $ fi s 6. i ie) 
tty Se sige Read 1210°3| 1222 ,7/1228 .6|1234.3|1239 8/1245 .1' 1260.9 1286.4 1206.4 306.3 
| 6 81.9 91.9] 541.9 561.9 581.9 
Eace id Sas ni Are Beer 4st 9] ak . Soris 2.90 2. ae : 3.04 
02 2.29 fe 2.37 4") x 1287.7 1202. 8 2297 1302.7/1307.7 
354.9 II98.1/1205.0)1211.6 1223 .9)/1229.8/1235.5,1241 a Ones 5 [1262.3 | | 


424 


YPES OF PUMPIN 
—EPFFIcIENCIES OF VARIOUS T 0 
wee ae From Steam, By Permission of the Babcock & Wiicox Co. 
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Gg ENGINES Usinc SATURATED STEAM 


Type 


Million ft.-Ibs. work done per 1000 Ibs. 
steam consumed, with varying con- 


ty. 
vue Lbs. of steam 


per pump h.p. hour 


ditions of service 


Condensing. , a 125 to 140 I6to 13.5 
Direct acting and crank and fly-wheel, Triple expansion..........---+-- aes ais 
Direct acting and crank and fly-wheel, Compound. . see acim 2 wine es es Pe 
Direct acting low duty...........--- ‘Triple expansion..........-+--- pars maie oe 
Direct acting low duty..........-... Compound crac eneteta reals tote 

Non-condensing. : ' Pata sge 40to 28 
Direct acting low duty.............- Triple expansion............++++ cy te 6’ toles 
Direct acting low duty.............- Compound........+++-eeeeeeee pig ee 250 to 100 
Direct acting small sizes...........-. Non-compound...........+++++- fee Pr 250 to 100 
Vacuum pumps, direct acting, independent............++++-+-eeeeeeee Ss ce 
Vacuum pumps, fly-wheel, a aes ie Rape Sacer aie hd fe ane aeane 
TenieCUGhSs cow Gow oo cus Gch 2 6 SISO eats mol Or omioD Oo as tea TO OCHO 


TABLE 3.—USEFUL STEAM PER I.4.P.-BR., S, IN Les. WITH SINGLE- 
CyLInDER NoN-CONDENSING ENGINE STEAM THROTTLED 


With new engines S, may be taken approximately 1.75 lbs. less. 


TABLE 4.—USEFUL STEAM PER I.H.P.-HR., S,, IN LBs. WITH SINGLE- 
CYLINDER, NON-CONDENSING ENGINES, AUTOMATIC CUT-OFF 


With new engines these values may be taken approximately 1.5 Ibs. less. 


Avg. abs. Cut-off in percent. of full stroke 

admission 

pressure | 70 | 60 | so | 40 | 33.3] 30 | 25 | 20 | 15 
30 
35 51.50] 51.00 


40 46.00] 44.50] 44.50 
45 42.50} 40.50) 39.50} 39.00 
50 39.50] 37.75| 35-75] 35.00) 35.00 


D5) 37-85] 35.55) 33.50] 32.25) 32.00 
60 36.50] 34.00] 31.80] 30.40] 29.95] 29.80 
65 35-25| 33.00] 30.75] 28.80] 28.20] 27.75 
70 34.25] 32.00] 29.80] 27.80] 26.85] 26.30] 25.95 
75 33.50] 31.00] 29.00] 27.00] 25.85] 25.20] 24.75 


80 32.65] 30.40] 28.20] 26.20] 25.00] 24.30] 23.75 
85 32.00] 29.80] 27.55] 25.50] 24.45] 23.52] 23.00] 22.10 
90 31.50] 29.35] 27.15] 25.00] 23.85] 23.05] 22.50] 21.45 


95 31.00] 28.95] 26.60] 24.60] 23.35] 22.75] 22.00] 20.90 

T0O 30.60] 28.50] 26.30] 24.25] 22.90] 22.25] 21.50] 20.50] 19.60 
I05 30.30] 28.05] 26.00] 24.00] 22.50] 21.95] 21.00] 20.10] 19.45 
IIo 30.00] 27.80] 25.75] 23.65| 22.25] 21.55] 20.75] 19.90] 19.10 
IIS 29.75] 27.50} 25.50] 23.40] 22.00] 21.30] 20.50] 19.50] 18.96 
120 29.50) 27.30] 25.25] 23.05] 21.65| 21.10] 20.25] 19.25] 18.52 
I25 29.15; 27.05) 24.95] 22.80] 21.50] 20.96] 20.00! 19.00] 18.40 


130 28.85] 26.80] 24.75] 22.60] 21.35] 20.75] 19.75] 18.85] 18.25 
135 28.60] 26.55] 24.50] 22.45] 21.15| 20.50 19.50; 18.60] 18.00 


I40 28.45] 26.30] 24.30] 22.30] 21.00 20.30] 19.30] 18.50| 17.82 
145 28.22) 26.15] 24.15] 22.25] 20.80] 20.15] 19.15] 18.25| 17.75 
150 28.05| 26.00] 24.05] 22.15] 20.60] 20.00 I9.00| 17.80] 17.55 


The approximate steam consumption of various types of steam engines 
may be obtained from Tables 3-8 and the following formulas by J. 
A. Knescue (Power, Nov. 12, 1912). The useful steam is to be 
taken from Tables 3-6 in accordance with the class of engine under 
consideration and to the quantity thus obtained additions are to 
be made as follows: 

The greater part of the steam loss within the cylinder is due to 
condensation and the smaller part to leakage past the piston and 
valves. The condensation losses S. are determined from the formula 
= 

JP (a) 
in which S,=steam losses through condensation, 

P=piston speed in ft. per sec., 
K =coefficient as given in Table 7, 


Stes 


5 : ON . 
when the ratio of stroke to diameter, (5) 1s approximately 2. 


The smaller figures are to be applied to engines that are new or in 
very good condition. 


Sues G 
When d differs considerably from 2, the values in Table 7 are to 


be multiplied by the coefficients which are given in Table 8. 


Cut-off in per cent. of full stroke 


Avg. abs. 
admission 
pressure 


70 | 60| so] 40 | 33.3| 30] 25] 20] xs] 22-5] xo 


35 |50.50 | . 
40 |44.50)40.50/39.50/38.30/39.50 | ; 
45 |40.50 36. 80|35.50|34.00|33.50 34.00/35.50 } 
50 38.00/34. 80/32. 50|30. 80/30. 25/30. 50 31.60 | 

H i 


55 |36.00/33.00\30.75|29.00/27.90127.80 28.55'30.50 


/ ) ate 
60 |34.50 pe gas 26.40 25.90 26. 15|/26.50 28.00 
65 |33.45/30.75|/28.40\26.25/25.00/24.50/24.45|24.40 25.50/27.50 
70 |32.50 29.90|27.50/25.20 24.00 23.45 23.10/22.75\23.55|25.00|27.25 
75 (SECS 29.20|26.75/24.45 23.15|22.60 22.25)/21.60/22.10|23.20\25.00 
80 site Wlach bain Weecan Good Mesa 20.80/21.00/21.95/23.00 
/ / 
85 |30.50'28.00 PEE Bee: 22.00/21.45 21.00 20.00/20.00/20.80 21.50 
90 |30.00 27.50/25.00, 22.75 21.50\20.95/20. 50/19. 50/10. 50 19.90/20.50 
|27.00|24.60122.40 21.10 20.55 20.00 19.00/19.00|19. 10 19.50 
100 |29.10/26.50'24.20|22.00\20.85/20.10 19.50 18.60/18 .45/18.50 19.00 
I05 |28.80 26. 10/23.90/21.65 20.45 19.80 19.00 18. 40/17.85 18.00 18.50 


| 


IIo 28.50 25.75 23.65/21.45 20. 10/19.50 18.80 18.15)17.45/17.50 18.00 
#15 |28.25/25.55'23.40 21.20 19.85/19.20,18.55/17.80|17.00,/17.10 17.55 
120 |28.00 25.40/23.15 21.00 19.55/I9.00 18.35, 17.50/16.60 sb ebian em 
I25° |27.75/25.25/22.95'20.75 19.40/18. 80/18. 10/17. 20/16. 40/16. 50/16.65 
I30 |27.50 #3,50)42. 75/96 50/19. 25'18.60 lies Blea tiene 16.35 
. 
135 |27 35\24.900 22.55/20.30 19.05|18.45,17.60 16.80/16. 10)16.00)16.00 
I40 |27.10/24.65\22.40 20.15/18.85/18.30/17.35 16.55)15.95 1S.75|15-55 
145 [26.00 24.45 22.30/20.00:18.70 18.15 17.10)16.45|/1§.70)15.55)/15.25 
150 |26.75'24.25'22.15|10.88 18.55/18.00 16.95'16.35 15.50/15. 40/15.00 


If the admission steam is superheated sufficiently, cylinder con- 
densation may be entirely avoided. With cutoff in the high-pressure 
cylinder ranging from 40 to 25 per cent. a superheat of from 175 
to 250 deg. Fahr. is sufficient to prevent condensation. But even in 
such a case, Se must not be taken as zero, because superheated 
steam, compared with saturated steam, does less work in the engine 
cylinder on account of the more rapid fall of its expansion curve and 
also, because heat is required to superheat the steam. If Sc is de- 


termined from the formula S-= when superheated steam is 


VP 
used, then K will be from } to + the value for saturated steam, as 
given in Table 7. 


For single-cylinder engines the leakage past the piston Si may be 
determined according to the formula 


. 35-14 3.62 
ss =~; — ue 
 VidpXP* P (0) 
in which i.hp.=indicated h.p., 
P=piston speed in ft. per sec. 
For compound engines the leakage loss is 80 per cent. and for 
triple-expansion engines 64 per cent. of the value given by this 


ee 


THE STEAM ENGINE 


TABLE 5.—USEFUL STEAM PER I.H.P.-HR., S, IN LBs. WITH SINGLE- 
CYLINDER CONDENSING ENGINES, AUTOMATIC CUT-OFF 


With new engines these values may be taken from 1 to 1.5 lbs. less in 
the smaller cut-offs. 


Cut-off in per cent.of full stroke 


pressure 


so | 40 | 33.3 30°| 25 | 20 '| 15 |22.5| 20 7 5 
5 |24.15 1 

O 123.55/21.50/20. 20/19. 40\18.60/17.80/16.95|16.95|16.60 
45 |23.25/21.10/19.85)/19.00/18.35|17.45|16.70|16. 50/16. 30|16.15 

50 |23.00/20.80/19.55/18.75|/18.05|17.10|16.45|16.10|/16.00\15.75|16.10 
55 |22.75|20.60/19.30|18.50|/17.80|16.90/16.15|15.75|15.75|15.45|15.65 


Avg. abs. 
- w | admission 


60 |22.50/20.45|19.10|18.25|17.55|16.70|15.90|15.50 I5.50/15.15|15.45 
65 |22.30/20.30|18.90)18.05|17.40|16. 50|15.70|15.30/15.35 I4.95|15.25 
70 \22.10/20.10 18.70/17.95|17.25|16.35|15.50|/15.10|15.20|14.75|15.05 
75 |21.95/19.97/18.55/17.80|17. 10/16. 18/15.35|15.00|15.05|/14.60/14.85 
80 |2r.80)/19. 81/18. 40/17.72/16.095/16.05/15.20/14.90 I4.90/14.50/14.65 


85 |21.70}19.70/18.25|17.60|16. 85/15.097|15.05|14. 80/14. 75/14. 40|14.45 
90 |21.60/19.60)18. 10/17. 50)16.75/15.85|14.95|14.70|14.60)14. 30|14. 25 
95 |21.50/19.50|18. 00/17. 42/16.65/15.75|14.85|14.67/14.50|14.20|14.05 
I0O0 |21.40/19.40|17.93/17.35|16.55|15.65|14.75/14.60/14.40|/14 10|/13.90 
105 |21.30/19.30)17.85/17.27/16.45|15.55|14.67/14. 53/14. 30/14.00/13.80 


IIO |21.20/19. 20/17. 76|17.15|16.40|15.45|14.60/14. 45/14. 20|/13.95|13.75 
II5 |22.10|19.10/17.67|17.07|16.35|15.37|14.55|14. 40/14. 10/13.90|13.70 
120 |21.00|19.00/17.60\17.00)16.30/15.30/14.50|14.35/14.00|/13.85|13.65 
125 |20.90/18.95|17.55/16.95|16.25|15.23/14.45/14.30/13.95/13.80/13.60 
130 |20.80/18.90|17.50/16.90|16.20|15.15/14. 40/14. 25/13.90/13.75|/13.55 


135 |20.75|18.85|17.45|16.85/16.15/15.08|14.37/14.20|13.85/13.70/13.50 
I40 |20.70|18.80|17. 40/16. 80/16. 10/15.00)14.35/14.15|13.77|/13.65|13.45 
I45 |20.65|/18.75\17.35|/16.75/16.05/14.95|14.32/14.10|13.75|13.60|13.40 
Iso |20.60|18.70|17.30\16.70|16.00|14.92|14.30/14.05/13.73/13.55|13.35 


formula. With engines in very good condition S; may be only one- 
half the foregoing values while, with pistons in visibly leaky con- 
dition, the leakage loss may be twice this or even more. 

The condensation losses in the steam lines plus any water carried 
over with the steam when the boilers prime may be taken from 4 
to ro per cent., depending upon the size and length of the steam line, 
its covering and the frequency with which the boilers prime. 

The method of procedure is best shown by an example: Required 
the steam consumption of a 42X6o0-in. vertical, single-cylinder, 
piston-valve throttling engine, the diagrams from which are shown 
in Fig. 1. Taking first the top end: 

Useful steam per indicated h.p.-hr. from Table 3, $,=34.25 lbs. 

Average admission pressure = 67.8 lbs., absolute. 

Cut-off = 73.45 per cent. 


3 s 
Ratio of stroke to diameter (5) See. 
Piston speed (P) =5.36 ft. per sec. 


Then uh _ 
J P=N/5.36= 2-315 
From Tables 7 and 8, K=27.93X.91=25.4, and from equation 
(a) 


The leakage losses S; from equation (b) are 
35:14 3-62 _ 
/ 289 X5.36 5-30 
the h.p. being computed from the indicator diagram, Fig. 1. 
Therefore, 


S=34.25+11+1.57=46.82 lbs. 
The steam-line losses are taken at 4 per cent.; hence the total 
steam consumption is 46.82 1.04 =48.7 lbs. per h.p.-hr. 


Taking next the bottom end: 
Useful steam per indicated h.p.-hr. from Table 3, S.=33-5 lbs. 


Average admission pressure = 57.8 lbs., absolute. 
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TABLE 6.—USEFUL STEAM PER L.u.P.-HR., S, IN Las. witH 
CompounD CONDENSING ENGINES 


These values are for engines in good condition and well defined cut-off 


and without preheating in the receiver. 


With new engines these values may be taken from 1 to 1.5 lbs. less in the 


smaller cut-offs. 


Avg. abs. ad- |Cut-off in per cent. of full stroke reduced to low pressure cyl. 


mission pressure | 25 | 20 | Is | 12.5 | 10 7 | 5 4 
40 
45 17.50} 16.45] 15.25) 14.80] 14.50] 14.75] 15.30 
50 17.25| 16.10] 15.00] 14.50] 14.10] 14.25] 14.50 
55 16.95] 15.85] 14.80] 14.15] 13.65] 13.75] 14.00 
60 16.70] 15.55] 14.60] 13.85] 13.25] 13.40] 13.50] 13.50 
65 16.50] 15.35| 14.40] 13.65] 13.10] 13.05] 13.00] 13.00 
70 16.35] 15.15] 14.20] 13.50] 12.95] 12.70] 12.60| 12.75 
75 16.25] 15.00] 14.00] 13.35] 12.85| 12.50] 12.25] 12.50 
80 16.15] 14.90] 13.85] 13.25) 12.75] 12.30] 12.00] 12.25 
85 16.05] 14.80] 13.70] 13.15] 12.65] 12.10] 11.80] 12.00 
90 I5.95| 14.70] 13.55] 13.05] 12.55] 12.95] 11.60] 11.75 
95 15.90] 14.65] 13.45] 12.95] 12.45] 11.85] 11.45] 11.50 
100 T5.85| 24.600) 13.35) 22.95] 22.35| 12.75) I1,30) ffes5 
105 55.82| 4.55! £3.25] 12.80] 12.25] 31.65) £r.20] £1.20 
IIo 15.79) 14.50) 03.05) £2570) 12,25) Tx. 55] 12.10) 12.50 
II5 15.76] 14.45] 13.05] 12.60} 12.05] 11.45] 11.03] 11.00 
120 I5.73| 14.40| 13.00] 12.50] 11.95] 11.35] 10.94] 10.90 
125 I5.70| 14.35] 13.00] 12.45] 11.85] I1.25| 10.83] 10.80 
130 I15.67| 14.30] 12.97] 12.42] 11.75] I1.15| 10.75] 10.70 
135 15.64] 14.25] 12.95] 12.39] 11.65] 11.05] 10.67| 10.60 
140 15.61] 14.20] 12.93] 12.36] 11.55] 10.95] 10.60] 10.50 
145 15.58] 14.17| 12.91] 12.35] 11.45] 10.85] 10.53] 10.40 
I50 15.55| 14.15] 12.90| 12.32] 11.43] 10.80] 10.47] 10.30 
TABLE 7.—VALUES OF K IN FoRMUIA (a) 
Engine type K 
Throttling, single-cylinder, non-condensing....| 27.938 to 25.952 
Automatic cut-off, single-cylinder non-con-| 23.955 to 19.963 
densing. 
Automatic cut-off, single-cylinder, condensing..| 21.959 to 19.963 
Compounds condensing <n eerie eer eer ee UO OSmLOLE7 O55 
Triple-expansion, condensing................ 16.758 to 15.96 


Bottom End 


32,15 R.P.M, 
50 Lb, Spring 
6'Piston Rod 
M,E.P. 44,68 Lb, 
L.H.P. 301.5 


Top End 


32,15 R.P.M. 

50 Lb, Spring 
6"Piston Rod 
M.E.P, 43.75 Lb, 
I.H.P. 299.0 


Fic, 1.—Indicator cards for calculated example. 


TABLE 8.—CORRECTIONS FOR VALUES OF K 


If ; is approximately 


Then K in Table 5 is to be 
multiplied by 


.25 
Be 
.00 
.50 
.00 
.0O0 


a P ® DN NO HH HH A 


-0O0 


eH A A OH 


.82 
.87 
gt 
. 00 
.08 
5805 
.29 
vAL 
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TABLE 9.—MEAN FORWARD PRESSURE OF STEAM PER Ls. OF INITIAL PRESSURE 


Percentage of clearance 


Cut-off 


marine service with early cut-off in i ri 
Fic. 2—Mean forward pressure of steam used expansively, J ne a als ar 


jackets and expansion valves. 


Cut-off in fractions e 6 6. 4 
Spot One 0 I De ues 3 3-5 4 4-54 g -|-se4 ; | —- as | 
= 3303 3439 .3505 - 3568 . 3630 . 3690 -3750 - 3808 - 3864 3919 -3974 ach -407 =e é | 
“125 3849 | .3066 | .4023| .4078| .4132| .4187| -4237| -4287| .4338 | .4386 | .4433 | .4480 ped re | 
: 167 4662 | .4757| .4802 | .4844| .4800| .4933| .4973 | -5014 | -5056| .5006| .5134| -5173 | .5210) «5. = | 
* “188 .5013 | .soo7 | .5138| 5181 | .5217| .5259| .5295 | .5332 | -5307 | -5405 | -5440 ee ee oe 
3 ae pire Beis eae 5376 5414 .5449 - 5482 -5517 -5550 -5588 - 5623 -565 - 5087 -571 
‘ .6174 | .6207 .6229 | .6258 | .6286 | .6312 -6336 | .6359 
: . 5966 .6025 | .6059 | .6090 | .6120 | .6148 
a i 6609 | .6663| .6684| .6712| .6720| .6755| .6779 | .6803| .6825 | .6845 | .6864 | .6882| .6911 | .6027 . 
: 333 6988 .70290| .7047 | .7076 | 7092] .7106 | .7132| «7144 | -7268 | - 7390 | .7252 | “72104 | 7240 | weeny | 
i 375 7433 | .7488| .7476| .7404| .7510| .7525| .7539| .7569 | .7582| .7593] .7603| .7630| .7639| .7646 : 
2 .40 . 7665 .769r | .7719 | .7729 | .7738 | .7765 | -7772 | .7778 | .7802 | .7806 | .7829 | .7831 | .7853 | -7874 ! 
{ 
+ .50 . 8466 .8484 | .8492 8503 8513 .8522 . 8530 . 8539 . 8548 .8556 -8565 -8573 - 8582 -8590 4 
g .60 9064 -9076 | .9081 | .9087 | .9092 | .9097 | .9102 | .9107 | 9112 | 9117 | .9122 | .9127 | .9132| .9136 
4 625 .9188 -91904 | .9201 | .9206 | .9210] .9215 | .9220| .9224 | .9228 | .9233 | -9237 | .9241 | .9245 | .9249 
3 .667 .9371 9378 | .9382 | .9385 | .9389 | .9392 | .9306| .9309 | .9402 | .9405 | .9408| .o41r | .9415| .9418 . 
ro +70 9497 9502 | .9505 | .9508 } .951I | .9513 | -9516 | .9518 | .9521 | .9524 | .9526 | .9528 | .9531 | .9533 : 
? { 
i 75 9657 | .9661 | .9663 | _.9665 | _.9667 | _.9668 | _.9670 | .9672 |_.9674 | -9675 | -9677 | -9679 | .9680| 9682 : 
Cut-off = 70.5 per cent. Therefore, 
Condensation losses Sc same as for top end or 11 lbs. S=33-5+11+1.55 =46.05 lbs. 
35-14 3.62 The steam-line losses are taken at 4 per cent.; hence the total 
Leakage losses Si= ae Xs A Mg DD lbs. steam consumption is : - 
46.05 X 1.04 =47.9 lbs. per h.p.-hr. 
es BF eee ag] re tO r Therefore, the average steam consumption for the engine is 48.3 
: Poo bs. per i-h.p.-hr. 
1.00/74 me 1.00 Pp p ; 
> Power Calculations 
a The theoretical mean effective pressure of steam used expansively 
5 H San oS is given by the formula: 
: FE : 1+hyp logr 
| wepapitieber, 
In which P =absolute initial pressure, 
& 80 Hy 80 p=absolute back pressure, 
4 BoE r=ratio of expansion. 
3 i He a HH me The same results may be more quickly obtained from Table Q, 
% rot by F. R. Low (Power, Sept. 26, 1911). The table gives directly the 
g 70 rH H 70 absolute mean forward pressure per Ib. of absolute initial pres- 
a Boies HH H sure. The quantities of the table are to be multiplied by the abso- 
. & E | E : Le lute initial pressure and from the result the absolute back pressure 
8 ;, aan HEH is to be subtracted, the result being the mean effective pressure. 
2 : H H FH 60 Essentially the same results, neglecting the effect of clearance, 
4 +H Hee may be obtained from Fig. 2 by Proressor RANKINE (The Sieam 
8 HHH Ht rH Engine and Other Prime Movers) which is self-explanatory. 
owe im a a After obtaining the theoretical m.e.p. it is to be corrected for 
~ d : clearance and compression which may be done, with sufficient accuracy 
is] . . . 
i for most purposes, by multiplying the theoretical m.e.p. by .o6. 
F The actual or expected mean effective pressure may then be obtained 
40 40 by multiplying the result by the proper factor from Table 10 from 
3 Seaton’s Manual of Marine Engineering. 
é TABLE 10.—FAcrors FOR OBTAINING EXPECTED FROM THEORETICAL 
hoa] 
& 3 oe MEAN Errecrive Pressure IN STEAM ENGINES 
g Type of Engine Factor 
8 Expansive engine, special valve gear or with separate 
< cut-off valves, cylinders jacketed. "94 
a 20 Expansive engine having large ports, etc., and good | 
™ ordinary valves, cylinders jacketed. f -9 to .92 
H HSER HEH t Expansive engine with ordinary valves and gear as in 
10 a ‘SE ete pan PISCE EEE EE E+ general practice, unjacketed. -8 to .85 
Ey EEEEEEEEEEEET Compound engines with expansion valve to h.p. cylin- 
sfrsee z PEoEH PLE nae der, cylinders unjacketed and with large ports, etc. -9 to .92 
: ama He HH : Hh Compound engines with ordinary slide valves, cylinders 
Zero 0 re jacketed and good ports, etc. -8 to .85 
Line 0 x . : Lae 
ne 19 20 30 Compound engines as in general practice in merchant 
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TaBLE 1t1.—AcruaL EXPANSION RATIOS 


Per cent. 4 
BE cas: Points of cut-off 
EAC et Je 25 35 || 22% | 2300) 2333 |. .a7s | -.40 | «50 007 | 628) | re 7s.) 80. || 875%) . 200 
Or ein cee os 9.181 | 7.481 | 4.809 | 3.884 | 3.258 | 2.044 | 2.623 2.463 | 1.983 | 1.655 | 1.590 | 1.422 | 1.328 1.246 I.141 I.109 
m2 ee |i 9 7-363 | 4.764 | 3.875 | 3.24 2.930 | 2.612 | 2.454 | 1.075 | 1.653 | 1.588 | 1.421 | 1.327 I.246 I.140 I.109 
SODSO jl hee wos 8.826 | 7.25 | 4.720 | 3.830 | 3.222 | 2.916 | 2.602 2445) 5.970) || 650) 2.585 | L419) | 1.320 1.245 1.140 I.109 
ONL PS Mica, chs ieite 8.659 | 7.133 | 4.677 | 3.803 | 3.204 | 2.902 | 2.502 25436) | 1.006 | 0.647 | 1.583 | 1.418 |) 1.325 1.244 I.140 T.108 
WOE Nc, die, A 8.5 7-034 | 4.635 | 3.777 | 3.187 | 2.889 | 2.582 | 2.428 | 1.0961 T.OAy | L580 hme Aco) Wr. 925 1.243 I.138 I.108 
OF25 hae cust oe 8.346 | 6.032 | 4.505 | 3.752 | 3.170 | 2.876 2.574 | 2.420 | 1.956 | 1.642 | 1.579 | I.415 | 1.324 I.243 1.138 I.108 
ROZ5 OM esa. 8.2 6.833 | 4.555 | 3.727 | 3.153 | 2.863 | 2.562 | 2.4rz | 1.052 T.O40) |} DI576) || TeAts | a. see Dee 1.138 I.108 
OA SiMe tans, < 8.088 | 6.738 | 4.516 | 3.702 | 3.137 | 2.850 | 2.552 25403) || 2.047 | ©.6e% | £.574 | L.4n2) |) b.g27 La2Ay 1.138 I.107 
CRN alll cere 7-933 | 6.645 | 4.417 | 3.678 | 3.12r | 2.837 | 2.543 | 2.305 | 1.943 t.634 |) 2.572 | T.4TO |) tg20 I.240 1.138 I.107 
Ce a ee ae 7-792 | 6.555 | 4.440 | 3.654 | 3.105 | 2.824 | 2.533 | 2.387 | 1.038 T1082) tas 7Onllaced00 |) Gastro I.240 1.138 I.107 
OSS OV ecw: vs 7-666 | 6.468 | 4.404 | 3.631 | 3.080 | 2.812 | 2.524 | 2.379 | 1.934 | 1.629 | 1.568 | x 408 | 1.318 1.239 OEY, I.106 
“OS Wet OCR oe 7-545 | 6.390 | 4.484 | 3.608 | 3.074 | 2.800 | 2.515 | 2.371 | 1.930 | 1.627 | 1.566 | 1 406 | 1.317 1.238 1.136 I.106 
BARES ete, cre crane TeAas || ON303) | 4.333 13658 SeOSSu e277 68-1 25,500) | 27303 | L085) | t.025"|) cr. S030 (mu. 405 T2320 1.238 1.136 I.106 
(Yo AC a ee 7-315 | 6.229 | 4.208 | 3.564.| 3.043 | 2.776 | 2.497 | 2.355 | t.92r | 1.622 | 1.562 | x 404 | 1.315 £.237 £636 I.106 
OA4GOMaie te sc 7-206 | 6.147 | 4.256 | 3.542 | 3.028 | 2.764 | 2.488 | 2.348 | r.917 | 1.620 | 1.569 | 1.402 | 1.314 1.236 Tetg5 I.105 
CY. AS aoa 7.102 | 6.082 | 4.232 | 3.52 | 3.024 | 2.752 | 2.479 | 2.340] £.9%3 | &.627 | 2.557 | 1.404 | £.353 I.235 I.135 I.105 
OS eM Eos. 7 6 4.2 5) 3 ajc aeATOn Qa333n les. OO7MEt.OLS lene sso ei a400) |etshe T2355 1.135 I.105 
BOBS Widice uve 6 ae 67905, | 5.085 | 4.168 | 3.478 | 2.086 | 2.730 |" 2.46n | 2.325 | z.004 | 1.613 | 1.553 | 2.398 | 1.32 1.234 E<t34 I. 104 
OS SO bss wt. x 6.806 | 5.861 | 4.130 | 3.459 | 2.971 | 2.719 | 2.453 | 2.318 | 1.900 | 1.610 | 1.551 | 1.397 | 1.310 1.233 I.134 I.104 
OS PS le waa. oe 6.714 | 5.794 |] 4.106 | 3.430 | 2.957 | 2.708 | 2.445 | 2.311 | 1.896 | 1.608 | 1.549 | 1.396 | 1.300 2,233 1.134 I.104 
ROG Wo tei a1 6.625 | 5.729 | 4.076 | 3.418 | 2.944 | 2.607 | 2.436 | 2.304 | 1.892 | 1.606 | 1.547 | 1.304 | 1.308 I.232 1.133 I.104 
ROOZS: Nn aia n 6.538 | 5.666 | 4.047 | 3.407 | 2.9031 | 2.686 | 2.428 | 2.207 | 1.888 | 1.603 | 1.545 | 1.303 | 1.307 1.231 ToS I.103 
BOOSO: Pore Go.c « s 6.454 | 5.605 | 4.045 | 3.380 | 2.917 | 2.675 | 2.420 | 2.200 | £.884 | r.60r | 1.543 | £.392 | 1.306 E.235 TAi32 I.103 
BOOTS pote «. <5 6-373 | 5-545 | 3.990 | 3.362 | 2.004 | 2.665 | 2.412 | 2.283 | ©.88r | £.5900 | 1.542 || I-390 | 1-305 I.230 eats 2 I.103 
07 \ ae 6.204 | 5.482 | 3.963 | 3.342 | 2.892 | 2.655 | 2.404 | 2.276 | 1.877 | 1.597 | 1.539 | 1.389 | 1.304 I.229 Eies2 I.103 


TABLE 12.—HORSE-POWER OF SINGLE-CYLINDER STEAM ENGINES 
PER La. oF MEAN EFFECTIVE PRESSURE 


Diameter of Diameter | Speed of piston in ft. per min. 
Z of piston- 

eye sas rod, ins. | rft. | 400 ft. | soo ft. | 600 ft. | 700 ft. 
10 12 00234 .936 Bape Sef I.404 1.638 
rE It 00284 1.230 Toa?) e704 1.988 
12 2 .00338 T3582 1.69 2.028 2.366 
13 2 -00397 1.588 1.985 2.382 2.779 
14 2k .00460 1.84 B30 2.76 3.22 
15 2% 00529 2.116 2.645 S.t74 Ba7.03 
16 2} .00602 2.408 BTOs 3.612 4.214 
17 2} 0068 2,72 3.40 4.08 4.76 
18 2 .00762 3.048 3.81 4.572 5.334 
19 25 .00849 | 3.306] 4.245 | 5.094] 5.943 
20 3 00041 3.764 4.705 5.646 6.587 
21 3t 01038 4.152 5.19 6.228 7.266 
22 3t -O1139 | 4.556 5.695 | 6.834] 7.973 
23 3% -O1245 4.98 6.225 7.47 Seu7inis 
24 34 .01356 5.424 6.78 8.136 9.492 
25 3 01472 5.888 7.36 8.832 | 10.304 
26 3i . 01592 6.368 7.96 9.552 | I1.144 
27 3k -O1717 6.868 8.585 | 10.302 | 12.019 
28 4 .01847 7.388 9.235 | 11.082 | 12.929 
29 44 -O198I 7.924 9.905 | 11.886 | 13.867 
30 44 02121 8.484 | 10.605 | 12.726 | 14.847 
31 4t .02264 9.056 | I1.32 13.584 | 15.848 
32 44 02413 9.652 | 12.065 | 14.478 | 16.8901 
33 4% .02566 | 10.264 | 12.83 15.306 | 17.962 
34 4% .02724 | 10.896 | 13.62 16.344 | 19.068 
35 4k 02887 11.548 | 14.435 | 17.322 | 20.209 
36 5 .03055 | 12.22 15.275 | 18.33 21.385 
37 54 .03227 | 12.908 | 16.135 | 19.362 22.589 
38 54 .03404 | 13.616 | 17.02 20.424 | 23.828 
39 54 ,03585 | 14.34 17.925 | 21.51 25.095 
40 54 .03772 | 15.088 | 18.86 22.632 | 26.404 
4I 5% .03963 15.852 I9.815 | 23.778 | 27.741 
42 5% .04159 | 16.636 | 20.795 | 24.954 | 29.113 
43 54 .04360 | 17.44 21.80 26.16 30.52 
44 6 .04565 | 18.26 22.825 | 27.39 31.955 


Actual expansion ratios at various points of cut-off when the clear- 
ance is taken into account are given in Table 11 by Ropert Gri 
sHAW (Amer. Mach., Jan. 20, 1883). 

The horse power of engines per lb. m.e.p. may be taken from 
Table 12. 

To lay out the hyperbolic or isothermal expansion curve proceed as 
in Fig. 3. Locate the clearance line AO and the line BO of absolute 
vacuum. Through any point, as C, draw CE parallel and CD 
perpendicular to the atmospheric line. Draw radiating lines OD, 
OL, OM, etc., and from D, L, M, etc., and F, H, J, etc. draw horizon- 
tals and perpendiculars intersecting at G, J, K, etc., which are points 
of the required curve passing through C. 


Fic. 3.—Laying out the hyperbolic or isothermal expansion curve. 


Construction and Dimensions of Parts 


Current practice in the dimensions of steam-engine parts formed the 
subject of an investigation by O. N. TRooren (Bulletin No. 252 of 
the University of Wisconsin) from which the following is taken. 

Particulars were obtained of a large number of engines ranging 
between 20 and 4oo rated h.p. The data secured were first tabu- 
lated and separated into classes and subclasses, the two main 
classes being high-speed or quick-revolution engines and low-speed 
or slow-revolution engines (the latter class being principally the 


so ” 
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Corliss). Divisions into subclasses were made in the treatment of 
such parts as the crank pin for center-crank and side-crank engines, 
while in dealing with such parts as the piston rod or crosshead pin, 
no such division was thought necessary. ; 

The following symbols of notation are used in the formulas given: 

D=diameter of piston, ins. 
A =area of piston, sq. ins. 
L=length of stroke, ins. ; 
p=unit steam pressure, taken as 125 lbs. per sq. in. above ex- 
haust as a standard pressure. 
H.P.=rated horse-power. 
N=revolutions per minute. 
C=a constant. 
K=a constant. 
d=diameter of unit under consideration, ins. 
1=length of unit under consideration, ins. 

The commercial point of cut-off was taken at one-fourth of the 
stroke. 

Other notation than the above is explained as used. 

Diameter of piston rod: 

d=CV/ DL 
L being the free length. 

Values of C for high-speed engines: Mean .15; maximum .187; 
minimum .125. For Corliss engines: Mean .114, maximum .156; 
minimum .1. 

Thickness of cylinder wall: 

t=CD+.28 in. 
in which 1¢=thickness, ins., 
D=diameter of piston, ins., 
C=a constant. 

Values of C: Mean .054; maximum .o72; minimum .o35. No 
characteristic difference was found between high- and low-speed 
engines. 

Diameter of cylinder-cover stud bolts: 

d=CD-+3 in. 
in which d=diameter of bolts, ins., 
D=diameter of cylinder, ins. 
C=a constant. 

Mean value of C=.04. 

With only one exception the smallest diameter of bolts used in the 
high-speed engines was 2 in., and in the Corliss engines the smallest 
value was 1 in. 

The mean thickness of cylinder flanges for holding cylinder covers, 
where these were bolted to cylinder flanges, was found to be 1.12 
times the thickness of cylinder wall, for both high-speed and Corliss 
engines. 

The thickness of cylinder cover at the center seems to vary a great 
deal, but for the engines examined it may be taken as 2.75 times the 
thickness of the cylinder wall for high-speed engines and 1.12 times 
the thickness of cylinder wall for Corliss engines. 

Number of stud bolts for cylinder covers: 


N=CD 
in which V =the number of bolts 
Mean value of C=.72 for high-speed engines, and -65 for Corliss 
engines. 
The least number of bolts used for any engine was found to be six. 
For additional information on cylinder-cover joints and bolts, in: 
cluding a chart for the diameter and number of bolts, see below. 
The clearance volume was found to vary from 5 to 11 per cent. 
in high-speed engines and from 2 to § per cent. in Corliss engines. 
Ratio of length of stroke to diameter of cylinder in engines having 
a speed greater than 200 r.p.m.: 
L=CD 
Values of C: Mean 1.07; maximum 1.55; minimum .82. 
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Ratio of length of stroke to diameter of cylinder in engines having a 
speed between 110 and 200 r.p.m.: 
L=CD 
Values of C: Mean 1.36; maximum 1.88; minimum 1.03. 
Ratio of length of stroke to diameter of cylinder in engines having a 
speed less than 110 r.p.m. (Corliss engines) : 
L=CD+58 ins. 
Values of C: Mean 1.63; maximum 2.40; minimum 1.15. 
Face of piston in terms of diameter: 
w=CD 
or w=CD-+1 in. 
in which w=width of piston, 
D=diameter of piston, 
C=a constant. 

Using w=CD: 

Values of C for high-speed engines: Mean .40; maximum .47; 
minimum .30. For Corlis engines: Mean .32. 

Using the equation w=CD-+1 in: 

Values of C for high-speed engines: Mean .32; maximum .40; 
minimum .24. For Corliss engines: Mean .26. 

The box type seems to be the prevailing form of piston. The 
thickness of shell of piston in high-speed engines is about .6 of the 
thickness of cylinder wall, and for Corliss engines this ratio is 
about .7. 

The prevailing number of rings used for the piston is two, and 
the rings are usually turned to a diameter } in. larger than the bore 
of the cylinder. For additional details of pistons see below. 

Piston speed—high-speed engines: 

Mean 605, maximum goo, minimum 320 ft. per min. 

Piston speed—Corliss engines: 

Mean 592, maximum 80c, minimum 400 ft. per min. 

Area of cross-head shoes: 

a=CA 
in which a=area of cross-head shoes: 

Values of C: Mean .53; maximum .72; minimum «37. 

Pressure on cross-head shoes, steam being assumed to follow as 
far as half stroke: 

125 
Cc 
in which s=pressure on shoes, lbs. per sq. in., 
_ length of connecting rod 
r; length of crank 


For high-speed engines » may be taken as 6 and for Corliss engines 
as 5.5. Values of s for high-speed engines: Mean 39.5; maximum 
57; minimum 28. For Corliss engines: Mean 43; maximum 61; 
minimum 32. 

Under normal conditions of shorter cut-off these values are 
materially reduced. 

Length of bearing part of cross-head pin in terms of its diameter: 

l=Cd 


Values of C for high-speed engines: Mean 1.25; maximum 5.55 
minimum 1. For Corliss engines: Mean 1.43; maximum 1.9; mini- 
mum fr. 

Dimensions of cross-head pin: 

dl=KA 
: ; ae si an tae Snes : : 

Values of K for high-speed engines: Mean .10; maximum 
minimum .037. 
minimum .037. 


Cross-section of connecting rod of high-speed engines at the middle 
of its length: 


[= 


+155 
For Corliss engines: Mean -II5; Maximum .19; 


h=Cb 
in which h=height, 
b=breadth. 
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Values of C: Mean 2.28; maximum 3; Minimum 1.85. 
Dimensions of cross-section of connecting rod of high-speed engines 
at the middle of its length: 
b=CV/DL, 
in which Le=length of rod between centers. 
Values of C: Mean .073; maximum .o94; minimum Kole, 
Dimensions of cross-section of connecting rod of Corliss engines 


(circular section only): 
d=C\/DL,  « 


Values of C: Mean .o92; maximum .104; minimum .o8r. 
Length of crank pin in terms of its diameter: 


l1=CD 


Values of C for high-speed engines: Mean .87; maximum 1.2 iB 
minimum -66;. For Corliss engines: Mean 1.14; maximum 1.30; 
minimum tf. 

Diameter of crank pin: 

d=CD 

Values of C for high-speed center-crank engines: Mean .40; maxi- 
mum .526; minimum .28. For side-crank Corliss engines: Mean 
-27; Maximum .32; minimum .21. 

Diameter of main journal of high-speed center-crank engines: 


8 [HP 
d=C[-= 
V 


Values of C: Mean 6.6; maximum 8.2; minimum 5.4. 
For Corliss engines this dimension seems best expressed by the 


form: 
be DERIP 
Dipeaan 
N 


Values of C: Mean 7.2; maximum 8; minimum 6.4. 
Length of main journal in terms of its diameter: 
l=Kd 

Values of K for high-speed center-crank engines: Mean 2.1; maxi- 
mum 2.9; minimum 1.6. For Corliss side-crank engines: Mean 1.9; 
maximum 2.2; minimum 1.62. 

Projected area of main journal in terms of piston area: 

dl=FA 

Values of F for high-speed center-crank engines: Mean .48; maxi- 
mum .78; minimum .32. For Corliss side-crank engines: Mean .6; 
maximum .66; minimum .5. 

For additional data on bearings of steam engines see Index and 


below. 


Weight of fly-wheel: 
; Hee: 
W=CX DN? 
‘in which W =total weight of wheel, lbs. 

. This relation gives fairly satisfactory results for high-speed engines 
up to about 175 horse-power, and for this range the values of C are: 
Mean 1,300,000,000,000; maximum 2,800,000,000,000; minimum 
660,000,000,000. 

When high-speed engines of larger size are considered, the relation 
seems better expressed by: 


jhe 
W =CXpa at 1000 


Values of C: Mean 720,000,000,000; maximum 1,140,000,000,000; 
Minimum 330,000,000,000. 

A somewhat greater uniformity seems to exist among the builders 
of standard Corliss engines. In these engines the relation seems best 


expressed by: 
jibes? 
= C—— = 
W=CpiNe 
Values of C: Mean 890,000,000,000; maximuM 1,330,000,000,000; 
minimum 625,000,000,000._ Corresponding values of K: Mean 4000; 


maximum 6000; minimum 2800. 


K 
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For additional information on the weight of steam-engine fly- 
wheels see Fly-wheels. 


Diameter of fly-whecl in terms of length of stroke: 
Di=CL 
in which D,=outside diameter of wheel, ins. 
Values of C for high-speed engines: Mean 4.4; maximum 5; mini- 


mum 3.4. For Corliss engines: Mean 4.4; maximum 5.25; minimum 
3-25. 
Belt surface per indicated horse-power: 


S=CXHP 
in which S=velocity of wheel rim, ft. per min., multiplied by the 
width of belt, ft. 
Values for C for high-speed engines; Mean 26.5; maximum 55; 
minimum ro, 
For Corliss engines, this relation seems better expressed by: 
S=CXH.P-+1000 


Values of C: Mean 21; maximum 35; minimum 18.2. 
For additional data on main belts for steam engines see Belts. 
Velocity of fly-wheel rim in ft. per sec.; for high-speed engines: 
Mean 70, maximum 82, minimum 48 ft. per sec. 
For Corliss engines: Mean 68, maximum 82, minimum 4o ft. per 
sec. 
Weight of reciprocating parts: 
D2 
W=CX DK 
in which W=weight of reciprocating parts (piston, piston rod 
cross-head and one-half the connecting rod), lbs. 
Values of C for high-speed engines (data not obtained for Corliss 
engines): Mean 2,000,000; maximum 3,400,000; minimum 1,370,000 
For the cases where the information was obtainable, the balance 
weight opposite the crank pin was found to be about 75 per cent. 
of the weight of the reciprocating parts. 
Total weight of engine in terms of horse-power: 


W=CXH.P. 


in which W =total weight of engine, lbs. 

Values of C: Mean 82; maximum 120; minimum 52. 

For direct-connected engines, the weight of the engine without 
the generator was found to be from 1o to 25 per cent. greater than 
the weight of belt-connected engines of the same capacity. 

Values of C for Corliss engines: Mean 132; maximum 164; mini- 
mum 102. 

The dimensions of main bearings of large engines, to avoid undue 
heating, according to the practice of the late Edwin Reynolds, should 
be such that the product of the square root of the speed of rubbing 
surface in ft. per sec. multiplied by the pressure in lbs. per sq. in. 
of projected area should never exceed the constant number 375 
for an horizontal engine, or 500 for a vertical engine when the shaft 
was lifted at every revolution. 

Locomotive main driving boxes in some cases give a constant as 
high as 585, but this is accounted for by the cooling action of the 
air. 

Using this principle, Figs. 4 and 5 have been constructed by F. 
W. Satmon (Amer. Mach., Sept. 17, 1903). Fig. 4 gives the velocity 
of rubbing in ft. per min. and per sec. for shafts from 4 to 17 ins. 
diameter and for speeds from 60 to 140 r.p.m., and Fig. 5 gives the 
loads per sq. in. for various velocities and for various constants. 

The dimensions of the main frames of steam engines have received 
less attention in discussion than any other feature. When the Cor- 
liss (girder) frame was more popular than now, the author made an 
examination of a good many such frames (Amer. Mach., Feb. 14, 
1895). While the resulting data have small application to other 
types of frames they are given here in the absence of others. The 
method of comparison was to compute from measurements of the 
frames the number of sq. ins. in the smallest cross-section, that 


Revolutions per Minute of J: ournal 


Fie. 4. 


From the r.p.m. in the base line of Fig. 4 trace upward to the diagonal for the diameter of 
read velocity of tubbing. Find this velocity in the base line of Fig. 5, 
The journal is then to be of a length which will bring the pressure per sq. 


horizontally and read the appropriate pressure per sq. 
in. down to this figure. 
Fics. 4 and 


is, immediately behind the pillow block, also the comp 
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in. 


ute the total 


maximum pressure upon the piston, and to divide the latter quantity 


by the former. 


The result gives the number of Ibs. pressure upon 


the piston allowed for each sq. in. of metal in the frame. This, 


while not the actual strain upon the metal, is strict 
tive and that is all that is required for the purpose. 


ly compara- 


Representative figures resulting from the examination are given 


in Table 13. 
TABLE 13.—DIMENSIONS oF SMALLEST SECTION oF CoRLISs ENGINE 
a, FRAMES 
Size of engine Lbs. per sq. in. of smallest section of frame 

10X30 217 

12X36 248 

18 X42 278 

24X48 360 

24X48 395 

28 X48 575 

30X60 350 


It will be observed that, speaking generally, the str 


ains increase 


with the size of the engine and that more cross-section of metal is 
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the journal, thence horizontally and 
trace upward to the curve for the selected constant, thence 


5-—Rubbing velocity and safe bearing pressures on main journals of steam engines, 


allowed with relatively long strokes than with short ones, both of 
which are as we should expect. Other data of a more miscellaneous 
character show loads of about 300 lbs. on short stroke engines of 
about ro ins. diameter of cylinder, while one memorandum of a 32- 
in. engine which had been running for many years without any indi- 
cation of weakness gives a strain of 667 Ibs. 

From the above the author formulated the general rule that in 
engines of moderate speed, and having strokes up to one and one- 
half times the diameter of the cylinder, the load per sq. in. of smallest 
section should be for a 1o-in. engine 300 Ibs., which figure should be 
increased for larger bores up to 500 lbs. for a 30-in. cylinder of the 
same relative stroke. For high speeds or for longer strokes the load 
per sq. in. should be reduced in accordance with good judgment. 

The following additional particulars of steam-engine parts are from 
Seaton’s Manual of Marine Engineering: 

Frame bolts: Stress not to exceed 4000 lbs. per sq. in. at bottom 
of thread or, for a large number of small bolts, 3000 Ibs. When 
possible add 20 per cent. to the cross-section as given by this rule, 

Cylinder covers: When above 24 ins. diameter for high- and 4o 
ins. for low-pressure cylinders, cylinder covers should be made hollow 
with a depth at the center of about } the diameter of the piston. 
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Pitch of cylinder-cover bolts should not exceed 


t=thickness of cover flange in 16ths in. and p=pressure on cover, 
Ibs. per sq. in. 


_ Flat surfaces of cast-iron sustaining steam pressure should be stiff- 
‘ . . 2 
ened by ribs of a pitch not greater than \ are 


thickness in 16ths in. and p= pressure, Ibs. per sq. in. Ribs to be 
of the same thickness as the flat surface and of a depth=2} times 
the thickness. 


Piston of the follower type: 


in which ¢= 


rf 
Compute 


ra V ptt 


in which D=diameter of piston, ins, 
p=effective pressure, lbs. per sq. in., 


Number of ribs in piston =a 
Thickness of ribs in piston =.18x 


Thickness of front of piston near hub=.2« 
Thickness of front of piston near rim=.17« 
Thickness of back of piston 18x 
Thickness of hub around rod —=.3% 
Depth of piston near center 
Diameter of follower bolts 
Pitch of follower bolts 
Slide valve rod: 


Il 


I.4x 
LG Ge Ine 
=To diameters 


Diameter of valve rod= =x2 xP 


n which L=length of valve, ins., 


I 
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the ring should be released from the face plate and be reclamped 
before making the finishing cut. 

A reverse procedure is used in making the pattem. If the pattern 
is turned up round, it will be found when the gap is cut out and closed 
up, that the casting will have so departed from its circular shape that, 
unless excessive finish has been allowed on the pattern, the ring will 
not clean up at all points, and where the cut is heavy, the ring will 
be thin after turning. To obviate this, make the pattern of pattern 
size with usual finish, as though the ring were to be solid and of the 
same size as the cylinder bore.. Next saw the pattern apart where 
the gap of the ring is to be, and insert a piece the size of the gap. 


IG. 8. Action of a Snap 
Piston Ring under 
Pressure 


FIG. 9.Steam Blowing Past 


Fic. 6. A Snap Piston Ring a Lapped Joint 


B=breadth of valve, ins., LI 
p=maximum pressure, lbs. per sq. in., 2 
F=12,000 for long steel rods, 
F=14,500 for short steel rods. ‘ae ea Ge 
Slot links for link motion: i: 
Let D=diameter of valve rod as above, taking 1% e paikaall 
F=12,000 a ical ala 
Diameter of block pin if secured at one end 
only =D- % 
Diameter of block pin if secured a 1 
at both ends =.75D C 
Diameter of eccentric-rod pins =.7D g ia we D 
Diameter of suspension-rod pins a To | 
if secured at both ends =.55D A Y% be i 
Diameter of suspension-rod pins 
if secured at one end only = Aglb) taal | er us 
Breadth of link =.8D to .gD ; a] 
Length of block =1.6Dto1.8D 6 8 10 12 14 16 18 20 
Thickness of bars of link = -7D Diameter of Cylinder, Ins, 
Diameter of suspension rod if but a= .0268 d+.0893 
ES, =.7D b=.0312 d+. 25 
Diameter of suspension rods if c=.1071 d+.1071 
two =.55D 


The dimensions of snap piston rings may be de- 
termined from Figs. 6 and 7 by the author 
(Amer. Mach., June 3, 1909). The ring is cast 
large with two lugs on the inside as shown in 
Fig. 6. After being cut off and faced to thickness, the gap is cut 
out. The ring is then sprung together by a clamp on these lugs, 
when it is strapped to a face plate, or, better, clamped between two 
flanges of a special fixture, and is put in the lathe and turned to the 
true size of the cylinder bore. When the clamp is relieved, the ring 
expands again, but not to a circular shape; but when put in its 
place in the cylinder, it resumes its circular form, or very near it, 
and isa fit all around, asit should be. To secure the best results 


d being the diameter of the cylinder and the remaining notation, asin Fig. 6. All dimen- 


sions in inches 
Frc. 7.—Dimensions of snap piston rings. 
Frcs. 6 to 9.—Snap piston rings and their action. 


This will spring the pattern outward to a non-circular form such that 
when the casting is cut and sprung inward for turning, it will be nearly 
a true circle in the rough, with a fairly uniform allowance for finish 
all around and-with a gradually tapering thickness, as intended. 

Should the rings not come out exactly as intended, the case can be 
met to a certain extent by changing the width of the gap as there is 
no nicety about this dimension. 

Large numbers of rings have been made to the dimensions of the 


= t—t 


chart and with entire success—the extreme size made being of 28 ins. 
Spon alee the large increase in the width of gap ae epee 
customary dimensions there is nothing to be said against it, tes 
strength of such rings is not sufficient to bring about a u ae 
pressure against the bore of the cylinder, while it has the a ae g 

that it reduces the danger of breakage when putting the rings er p ae 
—especially with the smaller sizes. The fact is that the rubbing o 
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TABLE 14.—DIMENSIONS FOR Piston Enps oF Piston Rops 
| Se Wale eS 


ins. |ins.| ins. | ins. | ins. 


. | ins. | ins. | ins. | ins. 
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32 | 33] 33) 3) 54 | 43 | 44 | 28 | 6F | 4 | 4k | 2 | 13 | 2 5i | 8 
SAA eseiesal St 45 38 | 2h eres | ae lr ae eh 6 6 
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TABLE 15.—DIMENSIONS FOR CROSSHEAD ENDS oF Piston Rops 


A B G D E PalanG H ai RAN ary 
ins. ins. ins. ins. ins. | ins.| ins. ins. ins. |ins.| ins, 
23 25 1s | 54 5t z |) 66 1} 23 t 9 
3 24 te 5t St i 6 1} 23 $ 9 
32 3% 276 65 6 t 6% 1j 25 i 9 
3% 33 2q%5 | 6% 6 Zot 1} 2§ r 9 
3i 34 21 i 6} ry 7t 1} 3 i 10} 
4 34 2te | 7 64 i | 7% ri 3 f 10} 
4% 4% 3% | 74 7 a 92 2 3t I II} 
44 43 3%6 | 74 7 Ts 2 34 i 11} 


the rings against the cylinder wall introduces a sort of peening action 
and no matter what their original strength they soon lose most of it. 

The force which presses the ring against the cylinder wall is chiefly 
the steam pressure, compared with which the force exerted by the 
strength of the ring is insignificant, 

Referring to Fig. 8, in which the clearances are exaggerated for 
clearness, the steam comes down the joint between the piston and the 
cylinder bore from right to left, and flowing down the joint ab, 
establishes full pressure in that joint and below the ring. As shown 
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experimentally by Prof. S. W. Robinson, the steam also ee 
lishes a creeping film in the joint ad, beginning at full pressure a 
and ending at such pressure at d as may exist at the left of d, 7 
average pressure of the film being about the mean of the initial an 
the terminal pressures. Under these circumstances the outward 
pressure prevails and the ring is forced against the cylinder bore. 
It is doubtful if the eccentric construction has much value beyond 
satisfying the feeling that it is appropriate for the purpose. ; 

A consideration of the action described in connection with F ig. 8 
will show that the practice which some follow, of placing two rings 
in a grooveis wrong. The average pressure per sq. in. of the surfaces 
in contact with the cylinder bore is substantially the same with two 
rings as with one, while the two rings, having twice the surface, exert 
twice the total pressure and double the tendency to wear the cylinder. 
On the other hand if the rings are placed in separate grooves the 


! : 
Diameter | | ; 
of rod | / 
A ee eS D Bt G H J K 
ins. | ins. ins. ins. ins. / ins ins ins. | ins. ins. 
| | 
2% 64 53 6 | 12 . 3 Ba 3 } rot ! be 2H 
3 | | | 
3 | 64 | 7 2 | 3% si | 12 1 3} 
33 ) 
| / | 
/ ; 
2 ae 73 - | 3 64 13 12 33 
e ie . 23 63 63 14 2 | 3% 


second one has only to deal with the pressure due to the leakage past 
the first, there being a progressive reduction of pressure from ring to 
ring, the tendency to leak and to wear being measured by the differ- 
ence of pressure on the two sides of a ring. The fact that two rings 
in the same groove may be so placed as to break joints has no value, 
as the action is precisely the same as that of the lapped joint referred 
to in the next paragraph. 

A feature of these rings, as sometimes made, which serves no useful 
purpose is the lap joint, shown in Fig. 9. With such a joint the 
steam follows the course indicated by the arrow and escapes as 
freely as though the lap were absent. The only good effect of this 
form of joint is to prevent the tendency to streak the cylinder, due 
to a plain square joint, but this can be obviated just as effectively 
by cutting the joint at an angle. 

Eccentric rings being heaviest opposite the joint, they have a 
tendency, in horizontal cylinders, to work around to a position with 
the joint at the top of the piston, where the steam may blow through 
freely. To prevent this these joints should be placed at or near the 
bottom of the piston and pins be inserted in the grooves to keep them 
there. 

The practice of scraping the rings into their grooves when followers 
and junk rings are used, represents wasted effort as a consideration 
of Fig. 8 will show. Moreover, the accumulation of oil residue tends 
to stick such rings fast and prevent their expansion. Up to the point 


where noise results, a slight degree of looseness sideways is advan- 
tageous, as it tends to prevent this action. 


‘ 
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Locomotive practice in dimensions of pistons, piston rods and A construction of piston valve which avoids the use of packing rings 
steel crossheads, as drawn up by a committee of the Amer. Ry. M.M. _ is shown in Fig. 10 (W. H. Booth, Amer. M ach., May 21, 1896). 
_ Asso. (Amer. Mach., June 29, 1911) is. given in Tables 14,15 and16. After rough turning, the valve is slotted longitudinally compressed 

The taper fit of piston rods in pistons and crossheads is almost by an encircling clip, turned at the ends and a Vepiecs fitted in a 
universal, but the author can see no reason for it. His own practice  V-recess on the inside of the valve, the slot through the body being 
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Fic. 11.—Large piston valves for steam engines. 


along the apex of the V. The V-piece 
is fitted with a spring and wedge com- 
bination or other means of setting up. 
The ends are then bolted on, the en- 
circling clip removed and the valve 
is finished to its correct diameter. 
Thus made, it has an initial elas- 
ticity and does not require any ex- 
panding pressure from the V, the 
duty of which is merely to close the 
longitudinal slot. 

Large piston valves of this construc- 
tion as made by' the Union Iron 
Works (Amer. Mach., Oct. 12, 1905) 
are shown with a few leading dimen- 
sions in Fig. 11. The object of the 
deep circumferential recesses aa is 
to facilitate heating of the seats and 
thus diminish distortion. The ad- 
mission of steam by the high-pres- 
sure valve is by its inside and by 
the intermediate and low-pressure 
valves by their outside edges. The 
rings forming the valves proper are 
split longitudinally and have tongue 
pieces—not shown—in the joints as 
shown in Fig. ro. 


Cylinder Cover Joints 


The diameters of cylinder and tank 
head bolts may be obtained from 
Fig. 12, by F. K. CaswEeLi (Amer. 
Mach., July 7, 1898), the use of 
which is shown by the example 
below it. 

The unit stress for cylinder head 
bolts in good practice is about 4000 
lbs. per sq. in. on the net section, or 
3500 Ibs. if the bolts are less than 3 
in. diameter, though stresses up to 
8000 lbs. are used. 

The adjustment of the diameter to 
the number of bolts to give the re- 
quired total cross-section is so made 
that the distance between bolts 
shall not be so great as to endanger 
tightness of the joint. For informa- 
tion on this point see above. Pro- 
vision for tightness with small cylin- 
ders gives an excess of strength 
when customary sizes of bolts are 
used. 

The common gasket joint of cylin- 
der covers is a common nuisance. 
Fig. 13 shows the joint used on the 


was to make them a straight sliding fit, bottoming at the end for the Straight Line Engine and on the engines of the Ball Engine Co. 


crosshead and against a shoulder for the piston. The straight fit is 

much cheaper, not only as regards the actual fits but because the 

rod can be made to measure. The taper fit is chiefly a matter of | marrow—not over 3 in. wide. 

habit and tradition. 
28 


The joint is not ground but simply faced in a lathe without special 
care or workmanship. The only essential for its success is that it be 


The distance between stud centers 


should not exceed about four times the thickness of the cover flange, 
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Total Bolt Area: Sq Ins.of Net Section 


To find the number and diameter of bolts for a steam cylinder head of 18 ins. diameter, subjected to a pressure of 175 Ibs. per 
sq. in.: Find 175 on the pressure scale at the top, trace downward to the cylinder diagonal, 18, thence horizontally to the stress 
diagonal, say 4500 lbs. per sq. in., thence downward to the {-in. diagonal and thence horizontally and read, at the right, 25, the 
number of bolts, or, from the intersection with the stress diagonal trace downward to the bottom and read 9-75 sq. ins. the total 
net bolt section. By tracing vertically from the Pressure per sq. in., 175 Ibs., to the cylinder diagonal, 18, and thence horizontally 
to the left, the total pressure on the head, 44, may be read in thousands of Ibs. 


Fic. 12—Diameter and number of cylinder and tank head bolts, 
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Stuffing box glands should be made as shown in Fig. 15—not as 
usual, as shown in Fig. r4. With the form shown in Fig. 14, leakage 
is apt to take place around the outside of the packing, though the 
gland be more than tight enough to stop leakage around the rod. 
The bottom of the box should be flat—not beveled, as in Fig. 14. 


Areas of Ports and Pipes 


The areas of steam ports and pipes, as determined by an investigation 
of 165 single-cylinder engines ranging from 20 to 740 h.p. by Pror. 
Joun H. Barr (Trans. A. S. M. E., Vol. 18), may be expressed by the 
formula: 

: 2A 
“ares 
in which a=area of port or pipe, sq. ins., 
A =area of piston, sq. ins., 
V =velocity of piston, ft. per min., 
C=mean velocity of steam in port or pipe, ft. per min. 


Lire, 15. 


Jee pee 
Fics. 14 and 15.—Correct and incorrect construction of stuffing 
box glands. 


For high-speed engines using the same port for both admission and 
exhaust, the values of C are: Mean 5500; maximum 6500; minimum 
45oc. For Corliss engine steam ports: Mean 6800; maximum 9000; 
minimum sooo. For Corliss engine exhaust ports: Mean 5500; 
maximum 7000; minimum 4000. 

For high-speed engine steam pipes the values of C are: Mean 6500; 
maximum 7000; minimum 4800; For Corliss engine steam pipes: 
Mean 6000; maximum 8000; minimum 5000. 

For high-speed engine exhaust pipes the values of C are: Mean 
4400; maximum 5500; minimum 2500. For Corliss engine exhaust 
pipes: Mean 3800; maximum 4700; minimum 2800. 

In the case of plain slide-valve engines it has long been taught that 
the port should be opened to steam about { of its width, but prevail- 
ing practice with high-speed single-valve shaft-governor engines has 
shown thatasimple constriction in a steam passage does not obstruct 
the flow of steam as much as has been supposed and that so large 
an opening is unnecessary. 

Fig. 16 gives indicator cards from such an engine, with 10X to-in. 
cylinders (Amer. Mach., Dec. 6, 1900), taken under the following 
conditions: The engine was loaded with a friction brake, so that the 
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load could be varied, and cards were taken at various loads. The 
valve rod had a sharp point attached, which was made to scribe a line 
on a strip of tin pressed against it at the instant of taking the card. 
In this way a record of the exact valve travel at the instant was 
obtained, and by working backward through the known dimensions 
of the valve and ports, the exact openings which gave the various 
cards were determined. As it was impracticable to insert the steam 


Card 1. Speed 801 R.P.M. Valve Travel 
1.745 Ins, 


ere sen! 


Card 2, Speed 301R.P.M. Valve Travel 
1,755 Ins, 


Card 3. Speed 300 R.P.M. Valve Travel 
1.86 Ins. 


cee 


Card 4. Speed 801 R.P.M. Valve Travel 
1,98 Ins, 


}+-—-—98-Ebs: : 


ee 


Card 5, Speed 303 R.P.M. Valve Travel 
2.37 Ins. 


Fic. 16.—Effect of small port openings on indicator cards. 


gage in the steam chest, it was placed in the steam pipe 20 ft. from 
the engine. ‘The gage had been recently tested. No doubt the pres- 
sure in the chest was somewhat below that shown by the gage, and 
this loss due to the 20 ft. of pipe is, in the diagrams, added to the loss 
due to the ports. The cards are, however, fairly comparative, and 
they show clearly how little effect is produced by the reduced open- 
ings at the earlier cut-offs. 

The standard rule for steam ports which calls for an area such that 
the velocity of the steam in them shall not exceed 6000 ft. per min., 
would, at the speed of this engine, call for a port area equal to 8.35 
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per cent. of the piston area, while the actual area of the ports was 12 
per cent. of the piston area. Similarly the rule for the port opening 
would call for an area of opening of 6.25 per cent. of the piston area. 
The cards are numbered in order, beginning with the shortest cut-off, 
and Table 17 gives the opening figured as a percentage of the piston 
area and a comparison of this area with the area called for by the rule. 

TABLE 17.—PortT AREAS IN SHAFT GOVERNOR ENGINES 


Area of port opening as | Area of opening divided 


: 

Number | a percentage of piston by area called for by the 
of card | area old rule 

I | 2.27 . +303 

2 2.36 °377 

3 3.38 +524 

4 4.32 / . 69 

5 Bet eee 


Boiler Pressure 


Fic. 17.—Indicator card from a high-speed passenger locomotive. 


Average Steam Pressure, Lbs, per Sq. In, Abs. 
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quantity of steam delivered 20 Ibs. per min. 
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That is, in cards 1 and 2 the actual area is but little more than one- 
third of that called for by the rule, while in 3, which represents about 
an average point of cut-off with economical load, it is but a little 
over one-half. Comparing the performances, the drop in the steam 
line of cards 1 and 2 is greater than in cards 3 and 4, measured at the 
most favorable point of the latter, but less when measured at less 
favorable points, while it is slightly less than in card 5, although the 
opening for the latter card has 3.41 times the area of that for the 
former. 

The influence of the steam pipe between the pressure gage and 
the steam chest vitiates the comparison to a certain extent, as, while 
its size remains fixed, more steam must be drawn through it with 
late cut-offs than with early ones, but the inference is unmistakable 
that a very decided constriction in the steam passage has a very 
slight effect on the flow of steam. 

It is common to explain this action of the small ports by refer- 
ence to the fact that they go with early cut-offs. The velocity of 
the piston being less at the early cut-offs, the velocity of the steam 
through the ports is correspondingly less, and hence it is argued that 
it should be expected that smaller ports would answer. The author 
is convinced that the importance of this action is much exaggerated. 
Were it true to an appreciable extent, the effect of the increased 
velocity at mid-stroke would appear in the exhaust line. The 
steam is forced through the exhaust port at various velocities at 
different positions of the piston, and if the action described had an 
appreciable influence, the exhaust line would arch upward; but, in 
point of fact, it is almost invariably straight. 


Average Steam Pressure, Ins. of Mercury 
6b 108 654 8 % As KG 
60 Lbs. per Sq. In. . 
25 2016141210 8 654 8 | 2 
1 Tj | | a 


48 


ro 
Hw 


bo 
o 


- 
Co 


fo 
Qo 


y 
he 


is 


Inside Diameter, of Pipe, Ins. 


ee8he8 28228 
Steam Delivered, Lbs. per Min, 


50 

40 

30 

20 

15 

12 

10 

8 

6 

24 5 
TA 4 

2 ~ = 
12152 8 4.5.6 8 152 8 4656 81 =° 


Loss of Pressure per 100 Ft. of Pipe, Lbs.per Sq.In. 


Fic. ro. 


: : y 3 1b. per sq. in. per roo ft. of pipe length i : . 
3 ins., thence diagonally to the vertical from the pian ace ae 3 sare: trace vertically to the diameter of the pipe, say 
“9 


thence horizontally to the right where read the 


Fics. 18 and 19.—Drop of pressure in steam pipe lines. 
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The ports and port openings of locomotives are invariably smaller 
than those of stationary engines and yet well-designed locomotive 
valve gears give surprisingly good results, as shown in F ig. 17, espe- 
cially after making allowance for the back pressure due to the blast 
nozzle which is still smaller in area than the ports. The results of an 
examination of this subject by the author may be found in his Slide 
Valve Gears. ‘The calculations were based on time-card speeds, which 
are necessarily much less than running speeds, and, on this basis, 
velocities of steam through the ports (that is, values of C in Professor 
Barr’s formula) were found as high as 11,000 ft. per min., and even 
this high velocity is still farther increased at the blast nozzle. The 
use of a single nozzle for both cylinders makes the comparison of 
steam velocities through ports and nozzle unsatisfactory, a better 
comparison being that between port and nozzle areas. The area of 
the nozzles was found to range between 36 and 44 per cent. of the 
area of two ports. 

The drop of pressure in steam-pipe lines is given by the following 
formula, due to Professor Unwin: 


in which W =weight of steam delivered, lbs. per min., 
P=drop in pressure, lbs. per sq. in., 
y=density of steam, lbs. per cu. ft., 
d=diameter of pipe, ins., 
L=\length of pipe, ft. 


This formula has been accepted with slight and unimportant 
changes in the coefficient and after extended tests by Prof. R. C. 
Carpenter and G. H. Babcock. It has been reduced to chart form 
by Pror. H. V. CARPENTER (Power, Dec. 17, 1912 and June 10, 1913), 
these charts being given here as Figs. 18 and 10, instructions for use 
appearing below them. The charts are subject to the caution due 
to the fact that they are extended far beyond the range of any experi- 
ments that have been made. They, however, represent the best 
existing knowledge of the subject. Fig. 18 is for high and Fig. 19 for 
low pressures, including those below the atmosphere. The great 
velocities permissible at low pressures increase the relative importance 
of elbows. 

The charts relate to actual, not nominal, pipe diameters. They 
apply to saturated steam. For superheated steam instead of the 
actual pressure use the pressure at which saturated steam has the 
same weight per cu. ft. 

Experiments on the resistance of pipe fittings are few in number and 
give very discordant results. The formulas by Robert Briggs for 
these losses may be used in the absence of anything better. They 
are, for one standard go-deg. elbow: 


76d 
l= 6 
35 
and for one globe valve: 
is 114d 
potas 
roud 


in both of which /=length of pipe, ins., equivalent to one fitting, 
d=diameter of pipe, ins. 
The resistance of gate valves is negligible. 
For the resistance of screwed pipe fittings to the flow of water, 
see Index. 


Steam Pipe Coverings 


A remarkably complete investigation of the insulating properties of 
commercial steam pipe coverings was made at the University of 
Wisconsin by L. B. McMittan (Trans. A. S. M. E., 1915) of which 
the following is an abstract. The coverings tested are indicated in 
Fig. 21. 
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Fig. 20 summarizes the tests on bare pipe and gives the loss of heat 
per unit of surface and of temperature difference and, similarly, 
Fig. 21 summarizes the tests on pipe fitted with single thickness 
coverings as indicated. One result of the investigation is to show 
that the best covering is usually the most economical. The first 
cost is usually recovered many times each year and almost ceases to 
be a factor. At prevailing prices of coverings and taking the cost of 
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Fic. 20.—Heat losses from bare pipe. 


steam at 30 cents per 1000 lbs. representative figures for the interest 
return on the cost of single thickness magnesia and air-cell coverings 
are shown in Table 18. 


TABLE 18.—ANNUAL INTEREST RETURN ON Cost OF SINGLE 
THICKNESS COVERINGS 


Kind of Temperature Actual tempera- ae 
: difference ture (Room= ; 

covering (Fahr.) Bo deg. Fahr.) investment 
50 130 87.0 
afele) 180 214.0 
85 per cent. 200 280 576.0 
magnesia 300 380 | 1099.0 
400 480 1869.0 
500 580 3078.0 
50 130 89.0 
Air cell 100 180 218.0 
200 280 581.0 
300 380 IIOI.o 
400 480 1865.0 

500 580 3060 0 ; 


The thickness of magnesia covering to give the maximum saving 
at prevailing prices may be obtained from Fig. 22 which applies to 
any temperature difference, any price of steam and any number of 
hours service per year. The chart does not show values for length 
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of service, but to use it for other periods than 365 days at 24 hrs. 
a day, multiply the price of steam by the number of hours per year 
the steam line considered is in service and divide by 8760 and, using 
the result as the price of steam on the chart, find the proper thickness. 
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Fic. 21.—Heat losses from single thickness coverings, 


Thickness of Covering, Inches 
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Temperature Difference, Degrees Fahrenheit 
(Pipe Temp, Room Temp,) 


Fic. 22.—Proper thickness of 85 per cent. m 
maximum net saving 


500 
agnesia covering for 


For example, suppose that the steam pressure is 150 lbs. per sq. 
In. gage, that it costs $0.30 per 1000 lbs. generated, and that the line 
18 In use 12 hr. a day and 9 months out of the year, 

hours per year that the steam is on is therefore 2020, 


the time, 


The number of 

or one-third of 

The price of steam to be used on the chart is .30 (7222 
8760 


= $0.10. ini 
$0.10. aining steam at 150 Ibs, 


The temperature of the pipe cont 
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gage pressure will be about 365 deg. Fahr., and, assuming a toom 
temperature of 80 deg., the temperature difference between pipe and 
room will be 285 deg. Now on the chart, using the curve for steam 
at $0.10 per 1000 lbs., the proper thickness corresponding to 285 deg. 
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Fic. 23—Gross and net savings due to 85 per cent. magnesia 


coverings. 


Difference between Temperature of Outer Surface of 
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Fic. 24.—Relation of heat loss to temperature difference between 


covering surface and Surrounding air, 


temperature difference is found to be 2.1 ins. This then is the proper 
thickness for maximum net saving under the given conditions, 

' Fig. 23 gives the law of the gross and net saving for steam cost- 
Ing 30 cents for tooo Ibs. and for prevailing prices of coverings. 
The central chart shows, for example, that for a temperature differ- 
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ence of 300 deg. the thickness for maximum net saving is 3 ins. but, 
consulting the chart line immediately below, we see that the net 
saving with 2 ins. thickness is but a trifle less. The heat loss curves 
show a material increase in the heat loss but this is largely offset 
by the increased cost of covering. 

Fig. 24 supplies a means of determining the losses due to pipe 
coverings already in place. In order to find the loss from any pipe 
covering having its surface finished with white canvas, place a ther- 
mometer under the canvas and another in the air 4 or 5 {t. from the 
pipe; take the difference between the two temperature readings and 
on the curve find the corresponding loss. Such a test might give 
results as much as 5 per cent. in error due to the chances of not getting 
the average temperature difference closer than that, but at that it 
would be accurate enough for some purposes. 

A cheap and effective steam-pipe covering may be made of sawdust 
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Find by trial point k, such that a circle struck from it as a center 
will be tangent to Oa’, fg and cd. The radius, kJ, of this circle is 
the lap and the diameter, mn, is the travel of the valve. ‘The advance 
angle is equal to 7’/OB’, the center of the eccentric being at p, such that 
bq=kn. If the valve has no inside lap, Oi’ is the crank position 
and 7 the piston position for release and compression. If the valve 
has inside lap equal to the radius ko, compression takes place at h 
and release at b. With negative inside lap, release and compression 
change places. 

The above construction assumes the slotted cross-head construction 
or its equivalent, a connecting rod of infinite length, and, when applied 
to the actual connecting-rod construction, it gives the mean positions 
of the events of the stroke. To find the actual positions, project, 
as in Fig. 26, the extremities of the crank positions to the diameter 
by circular arcs of which the radius equals the length of the connect- 
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Fics. 25 to 27.—The Bilgram diagram applied to a plain slide valve 
and lime. The mixture is made up like sand mortar, using one ing rod, giving points a’, a’’, b’, b’’, h’, h’’, of which the single primed 


barrel of lime to five of sawdust and allowing several days for it to 
dry before turning on the steam. A steam line of 197 ft. of 8-in., 
2g it. of 7-in., and 258 ft. of 6-in. pipe was covered with this mix- 
ture encased in a wood box 12 ins. square inside and tamped down. 
A test of 20 days with bare pipe showed a condensation of 1440 
Ibs. of water per hour or a fraction under 1% lbs. per sq. ft. of 
external surface per hour. The covered pipe showed a condensa- 
tion of 195 Ibs. of water per hour or 2$ oz. per sq. ft. of external 
surface of pipe per hour, the loss covered being 14 per cent. of that 
uncovered. The working steam pressure was go lbs. and the air 
temperature averaged about 64 deg. Fahr. If the wood box is not 
desired “a little fire clay or flour mixed in makes it possible to 
wrap it on under a covering of muslin.” The mixture is regarded 
as fire-proof (F. A. Nystrom, Amer. Mach., Mar. 7 and Apr. 4, 
Igor). 

Steam-pipe lines should incline about 1 in. in ro ft. in the direc- 
tion of the flow of steam. 


Laying out the Slide Valve 


Laying out a slide valve may be most conveniently done by the 
Bilgram diagram, for the demonstration and many additional appli- 
cations of which see the author’s Slide Valve Gears. To lay out a 
plain slide valve proceed as in Fig. 25. Let AB be the length of 
stroke to any convenient scale, a being the desired point of cut-off. 
Draw the crank circle A’a’B’ and project point a to it, giving Oa’, 
the cut-off position of the crank. Made de equal to the desired lead 
opening and draw fg with radius Og equal to the desired port opening. 


letters refer to the outward and the double primed letters to the in- 
ward stroke—the cylinder being assumed to lie at the left of the 
diagram. 

To equalize compression and release, lay down the desired compres- 
sion and release points as in Fig. 27 ata@and b. Project these points 
to the crank circle by circular arcs with radius equal to the length of 
the connecting rod, giving points a’ and 0’. Draw the corresponding 
crank positions and give the a end of the valve an inside positive 
lap and the 6 end an inside negative lap equal to the radii of the 
small circles. 

The action of a shifting eccentric upon a slide valve may be 
determined as in Figs. 28 and 29. In Fig. 28 the eccentric swings 
from a center located on the center line of the crank and on the same 
side as the crank pin, that is, the center of the arc dd°. With the 
radius of dd° and with a center in the vertical center line, strike the 
arc QQ°. With the eccentric center at the full throw position, d, 
the action of the accentric on the valve is given by the lap circles 
struck from Q as a center and, similarly, with the eccentric at any 
other point, d’, the action on the valve is given by the lap circles 
struck from Q’ as a center, the three cut-off positions of the crank 
being shown by tangents to the lap circles. The increasing distance 
of the lap circles above the horizontal center line as the cut-off is 
shortened shows the increase of the lead with shortened cut-off, and 
the actual lead for any point of cut-off may be measured from the 
diagram. 

In Fig. 29 the eccentric is swung from a center on the center line 
of the crank but opposite the crank pin. ‘The centers of the lap cir 
cles are now located on an arc which is convex downward instead of 
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upward, the general effect being oe ae be eis ere 
i he lead decreases as the cut-o ened, 
enters ae approaching the horizontal center line as the cut- 
a ae a Stephenson link motion on a slide valve eel 
tially the same as that of a shifting eccentric. If a ee soe 
are “open,” that is, if they are not crossed when t Ae Ese cs 
placed as in Fig. 30, the lead increases as the cut-off is s os e sae 
the Bilgram diagram is similar to Fig. 28. If the rods are be ae 
that is, crossed when the eccentrics are placed as in Fig. 30, the lea 
decreases as the cut-off is shorteded and the Bilgram diagram is 
similar to Fig. 29. Crossed rods, however, are used but little if at : 
The amount of variation in the lead depends upon the length of the 


Fie. 28. 
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horizontal distance from the vertical center line equal to beg 
and locate c, d, c’, d’, at additional horizontal ree equ = 
the full gear lead, these last points being those which t : eccent a 
centers occupy when the crank is on the centers. F rOnL t = aie: : 
lay down the full and dotted midgear positions of the link w = < 

crank is on the centers, and measure the midgear travel, ef. e le 
this in half, subtract the lap oz or om and obtain the midgear lea if 
or en. Note that if the rock shaft has unequal arms, leading to 
inequality between the eccentric throw and the valve travel, it is 
most convenient to use the valve travel as the diameter of the dotted 
circle, the eccentric rod lengths and the link dimensions being changed 
from the actual in the proportion of the valve travel to the eccentric 


throw. 


Fic. 20. 


Fics. 28 and 29.—The Bilgram diagram applied to a shifting eccentric valve gear. 


Fic. 30.—Cpen eccentric rods, 


eccentric rods—the variation increasing as the rods are shortened. 
The proper radius of the link is the length of the eccentric rods plus 
such distance as there may be between the geometrical link arc (the 
curved center line of the link) and the eccentric-rod pins. With any 
other radius the variation in the lead with varying cut-off differs 
for the two ends of the cylinder. 

The layout of the Bilgram diagram for a link motion does not 
differ essentially from that for a shifting eccentric. While, however, 
the full gear lead is commonly given in advance, the midgear lead 
being dependent on thelength of therodsmus be found by the method 
Shown in Fig. 31. Make the diameter of the dotted circle equal to 
the full gear travel of the valve and lay down points a, b, a’, b’ ata 


Fic. 31.—Finding the mid-gear lead of link motion. 


To construct the Bilgram diagram proceed as in Fig. 32. Draw 
the inner dotted circle equal in diameter to the full stroke valve travel, 
and lay down ad equal to the lap, make be equal to the full gear lead, 
and de equal to the midgear lead, as found in Fig. 31. Now, a 
circle struck through efg will give the path on which a single shifting 
eccentric must travel to produce a valve movement equivalent to 
that given by the link of Fig. 31. Laying off hf’ equal to Af, and 
Oe’ equal to Oe, the circular arc e’f’ is easily drawn, on which the 
center of the lap circle for all points of cut-off must lie. Drawing 
the outer dotted circle to Tepresent the path of the crank pin to scale, 
and selecting, say, the cut-off at one-third stroke for study, the point 
7 is laid down such that ij equals one-third of the stroke, and by the 
perpendicular ik the crank line Ok for one-third stroke is located. 
Drawing a lap circle tangent to Ok and with its center on the line 
e’f’, we have, for the one-third cut-off: lead=In, port opening = Oo, 
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valve travel=20p, exhaust opening and closure (assuming no inside 
lap) at crank position Og. Similarly we have for the full gear a lead 
rs equal to bc, a port opening Ot, a travel to twice Of’, and an exhaust 
opening and closure at crank position Of. To investigate the reverse 
motion extend the arc e’f’ to g’. 

For particulars regarding practice with negative lead in the full 
gear and unequal leads in the forward and reverse gears see the 
author’s Slide Valve Gears. J 


Friction of Slide Valves 


The friction of slide valves formed the subject of experiments by 
J. A. F. Asprnaty (Proc. I. C. E., 1898). The experiments were 
upon two horizontal locomotive valves, one an ordinary unbalanced 
valve of phosphor bronze and the other a Richardson relieved valve 
of cast-iron. 

As a sight-feed lubricator was used in the experiments, it was easy 
to watch the result of increasing the number of drops of lubricant per 


Fic. 32.—The Bilgram diagram applied to a Stephenson link motion. 


min., and it was found that there was a perceptible improvement in 
the ease of movement of the valve when the lubricant was increased. 

The experiments show that the friction of slide valves is somewhat 

- greater against a horizontal than against a vertical face; the coefficient 
of friction found in previous experiments for valves on a vertical 
face was .068, while in the experiments dealt with here, the average 
coefficient was found to be, for the unbalanced valve .0878, and for 
the partially balanced valve .og19. 

The coefficient of friction, as given in Table 19, together with the 
other results of the experiments, is calculated from the whole area 
of the back of the plain valve, supplementary experiments by Mr. 
Aspinall having convinced him of the correctness of that procedure. 
In the author’s opinion this conclusion was not warranted by the 
experiments, but, if the friction of other valves is calculated in the 
same way and from Mr. Aspinall’s determinations of the coefficient 
of friction, the results should be sufficiently correct for all practical 
purposes and doubtless within the variations due to varying condi- 
tions. For the Richardson valve, the balanced area was taken as 
that portion which is enclosed ***ween the strips, excluding the area 
of the strips themselves. 


441 


TABLE 19.—THE FRIcTION or Locomotive SLIDE VALVES 


Seo F = “ 2 ae 2 
ele] & | 2 |  |x/s8| ge | 268] Fe | gs 
dula| 9 a) <r ag itera o's S88) 4, | 38 
eels] ‘; 2 ige|ae| So |aael ge | ee 

5 a ® A od ao Bs 
BO A Poe hielee | seo keg alos 

Drops 

per min. Lbs. | Lbs. Lbs. Lbs. Lbs. 
F I | Pull 4 (| 156/155.0] 24,149.0] 1,549.5] 2,099.0] .086 
F rt | Pull 4 I52|I51.5] 23,562.5| 1,589.0| 2,126.0] .090 
F 2 | Pull 4 158)154.0] 23,405.0| 1,510.5] 2,056.5] .087 
F 2 |. Pull 4 157|153.0| 23,037.0] 1,497.0] 2,039.5] .088 
F 3 | Pull 4 144/137.0| 19,513.0] 1,090.0] 1,575.5] .080 
F 3 | Pull 4 154)150.0| 21,619.0] 1,562.5] 2,004.5] .092 
F 4 | Pull 4 146|140.0| 19,455.5| 1,234.0] 1,730.5| .088 
F 4 | Pull 4 158/150.0| 21,077.5| I,392.0| 1,924.0] .oOr 
B t | Pull 4 158/155.5| 23,804.5| 1,497.0] 2,048.5] .085 
B rt} Pull 4 140|/154.5| 23,929.0| I1,497.0| 2,045.0] .085 
B 2 | Pull 4 2 152/150.0] 21,924.0| 1,444.5] 1,976.5] .090 
B 2 | Pull 4 ‘g 15§5|147.5| 22,052.0] I,313.0| 1,836.0] .083 
B 3 | Pull 4 : I150|145.5| 20,824.0] 1,300.0] 1,816.0| .087 
B 3 | Pull 4 A I56|/I51.5| 21,801.5| 1,300.0| 1,837.0] .084 
B 4 | Pull 4 ra 155|/152.0| 20,819.5| 1,103.0] 1,642.0] .078 
B 4 | Pull 4 8 I147|140.0| 19,248.5] 1,129.0] 1,625.5] .084 
F t | Push 3 5 160|157.5| 24,461.5| 3,326.0] 1,767.0] .072 
F 1 | Push 6 B 158/156.5| 24,201.5| 2,866.0] 2,311.0] .005 
F 2 | Push 6 a 159|150.0] 22,9007.0| 1,709.0/ 1,177.0] .O5I 
P 3 | Push 5 2 160/136.0) 20,568.0| 2,347.5| 1,865.5] .090 
F 3 | Push 3 e I59|152.0) 23,032.5| 1,503.0] 964.0] .o41 
F 4 | Push 3 160/148.0| 20,041.5| 2,620.5] 2,005.5] .100 
F 4 | Push 3 161/148. 5] 20,736. 0] 2,532.0] 2,005.0] .096 
B ig || JekbE yer 3 160|147.0] 22,502.5| 2,073.5| 2,452.0| .108 
B I | Push 3 158/152.0) 23,732.0| 1,015.0] 1,376.0] .057 
B 2 | Push 3 158|142.0| 21,184.5| 2,826.5] 2,322.5] .109 
B 2 | Push B 164/160.0| 23,605.5]| 3,326.0] 2,758.5| .112 
B 3 | Push 3 I158)147.0| 21,292.5] 2,014.5] 2,393.0| .112 
B 3 | Push 3 160]/150.0| 21,677.0| 2,044.0] 2,412.0] .IIT 
B 4 | Push 3 158/140.0| 19,095.0| 2,468.5] 1,972.0} .008 
B 4 | Push 3 160/145.0| 21,165.5| 2,503.0] 1,988.5] .003 
B © |) Pall 4 I44/140.0| 9,467.0] 420.0] 916.5]> .097 
B q | Pull 4 S 142|140.5| 9,514.5| 393.5| 892.0] .004 
B 2 | Pull 4 Ss 140/123.0] 8,633.0] 288.5] 760.5| .088 
B /2 | Pull 4 ‘S| | 158|154.5| 9,076.0] 303.5] 941.5] .094 
B /3 | Pull 4 a | 143/140.0] 8,704.0] 354.0] 3850.5| .097 
B 3 | Pull 4 [| | 152!r49.0! 9,238.01 236.01 765.01 .082 


-Note.—The throttle valve was full open in all the experiments. 
Poppet Valves 


Double beat poppet valves as usually made are, as is well known, 
difficult to keep tight. Slight differences in the coefficient of expan- 
sion of the metals composing the valve and its case, or slight differ- 
ences of temperature due to the accumulation of water will cause one 
or other seat to lift slightly and thus leak. 

Fig. 33 is a sketch showing the usual construction, from which it 
will be apparent that any difference of expansion between valve and 
case will open one or other seat. Should the valve expand the more, 
the seat a will open; while should the case expand the more, seat b 
will open. Fig. 34 shows the construction used by the Nordberg 
Mfg. Co. (Amer. Mach., Aug. 14, 1902) whereby this difficulty is 
overcome. Its essential feature is that the cone surfaces of the two 
seats have a common apex at a. Should the valve expand the 
more, its vertical expansion will tend to open the seat 6; but its 
horizontal expansion, having the same increment of excess, will tend 
to close the seat, and the two actions will offset one another. The 
reverse action will take place should the case expand the more. 
Looked at in another way, the expansion of both valve and case is 
from the common center a and any difference of expansion is accom- 
panied by a slight sliding of valve and seat upon one another on the 
line of the joints between them, but without any tendency to open 
either joint. This action will take place wherever the common apex 
a may be and regardless of the angle of the two seats. An actual 
valve by the Nordberg Mfg. Co. (a 1o-in. regulating valve) is shown 
in Fig. 35. The lower seat is here flat but the two seats intersect 
at b and the action described in connection with Fig. 34 still holds. 
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: valves require a lift from one-fifth 
GIvEN SIZE OF It will be noted that cone-seated pi Tin ee 
DIMENSIONS AND Lirt oF PopPET VALVES FOR A Souci nate than thecorrecpumeae es ; 


See The proportions of lift given in connection with eetusr pea 

D=Smaller diameter of valve seat. ing must correspond. are geometrically correct. a ois PRE: oe 

d=diameter of piping to which valve opening Hint fat-seatsd vale eu eeueaneeie ount of wie 

2 drawing of the incoming charge. A slight increase over re fee 

ee : ically correct lifts should consequently be pale e — 
Flay eet Va coefficient cannot be given, as this will depend considerably upon 


valve chest design, as well as upon the proportions of 
=e ta bees secure a a eae valve stem and valve head. The matter is one of 
aoe eae eee 111 personal intuition by the designer; in the best French designs the 
ene eee Z =Dx 162 extra allowance seldom exceeds 25 per cent. of the theoretical igs 
a ik s e ss DX ae It is well to so arrange the contour of the valve and valve chamber 
For r=2.5 ift = ‘ = : : 
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Fic. 33.—Incorrect construction of double beat poppet valves. Fic. 34.—Correct construction of double beat poppet valves. 
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Fic. 35.—Nordberg Mfg. Co’s double beat poppet valve. 


Cone-seated Valves; 45 Deg. Angle of Cone profiles that a minimum of lift be required, as this is favorable to 
eee Lift=dX .307=DX.307 silence in running and to flexibility. 
For r=1.25 Lift=dX .256=D X 205 c 
Forr=1.5 Lift=dX .219 =DX .146 Condensing Water 
For r=2 Lift=dX .170=DX .084 The approximate quantity of water required to condense x Ib. of 
Forr=2.5 Lift=dx, 138=DX.055 steam with a jet condenser may be obtained from the formula: 


ee 


THE STEAM ENGINE 


in which Q=lbs. of water required to condense r Ib. of steam, 
T=temperature of discharge water, Fahr., 
t=temperature of injection water, Fahr., 
H =total heat above’32 deg. Fahr. in 1 lb. of steam to be 
condensed. 

Table 20 by W. F. FiscHer (Power, Sept. 26, 1911) is based on the 
steam tables of Marks & Davis and is given as a guide in figuring the 
condensing water required per lb. of steam in condenser installations. 

Example: With a vacuum of 28 ins. of mercury referred to a 30-in. 
barometer (H-+32), is found from Table 2 to be 1137 B.t.u. Sub- 
stituting in the formula, 


for a 28-in, vaccuum. In column 5 the volume in cu. ft. per lb. of 
steam is given, and in column 6 the weight of 1 cu. ft. of steam at the 
given pressure and temperature corresponding to the given vacuum. 

In determining the proper value to substitute for T, care should 
be taken to allow a suitable drop between the steam in the condenser 
and the temperature of the discharge water. In practice the tem- 
perature of the discharge water is assumed to be 15 deg. lower 
than the steam temperature and it is customary to allow for 10 per 
cent. more water than the estimated quantity where actual condi- 
tions are unknown. 

When estimating the quantity of water required per lb. of steam 
in surface condensers it is customary to take into account the tem- 
perature of the condensed steam; that is, the hotwell temperature. 

Hence for surface condensers 

(H+32)—T-. 

ie a a 
in which 7 equals the temperature of the condensed steam and Q,H, T 
and ¢represent the same quantities as in the formula for jet con- 
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densers In the ordinary surface condenser of the single- or double- 


flow type, Tc may be taken from ro to 20 deg. lower than the 
temperature due to the vacuum. 


TABLE 20.—CONDENSING WATER PER PoUND oF STEAM 


Vacuum in Tempera- 
4 Absolute ture of fons Volume Lbs. 
ins. of mercury : Bite. Sian ||) 
A pressure steam and in cu. ft. | of steam 
referred toa t Ib. of 
: Ibs. per water at per lb. of per cu. 
30-in. ; steam+32 
Warenielies sq. in. condenser steam ft. 
pressure 
29.82 .09 be) IIO5 3204 0003 
29.50 +25 59 II17 1249 .0008 
29.00 -50 80 1127 636.8 0016 
28.50 +74 92 II32 442.2 .0023 
28.00 I.00 102 1137 331.5 0030 
27.50 I.24 I09 II40 272.9 .0037 
27.00 I.51 116 1143 225.8 -0044 
26.50 1.72 I2I II45 197.9 0050 
26.00 I.99 126 II47 173.9 0057 
25.50 2,23 I30 1149 157.2 0064 
25.00 2.47 134 II50 142.2 .0070 
24.50 Dare 138 II52 128.9 .0077 
24.00 2.06 I4I II53 II9.9 0083 
23.50 fap) 144 II55 £TT.0 .0089 
23.00 3-45 I47 1156 104.0 .0096 
22.50 3.70 I50 II57 97.0 . 0103 
22.00 3.96 152 1158 93.0 0108 
21.50 4.18 I55 II59 86.4 .O116 
21.00 4.40 157 I160 82.6 -OI2I 
20.50 4.70 I59 II61 78.0 -O125 
20.00 4.90 162 I162 73.8 -O135 
18.00 5.80 169 II65 63.3 -0158 
16.00 6.85 176 1168 54.5 0183 
I4.00 7.85 182 DLE 48.12 -0207 
.00 I4.70 PE wie Tele g erae 26.79 -0373 


THE GAS ENGINE 


Current practice in the dimensions of gas-engine parts formed the 
subject of an investigation by the Department of Machine Design of 
Cornell University, the results being reported by SANFORD A. Moss 
(Amer. Mach., Apr. 14, 1904) and given below. The investigation 
included an analysis of the dimensions of engines of 76 different sizes 
by 20 builders. 

The computed stresses are perhaps open to criticism, since the 
formulas may not take everything exactly into account. The 
numerical coefficients given are absolute, however, being taken from 
the actual data, and may safely be used, even though the exact 
stresses, bearing pressures, etc., to which they correspond may not be 
known. 

There are also given in the last column rough formulas for average 
cases. For instance, in the case of the cylinder wall, the rational 
average formula is t=.000204pD+4. This gives a thickness vary- 
ing with the maximum pressure . In an average case p is 300, and 
if this value is substituted for p we have t=(.000204 X 300) pD+4, 


or very nearly =P, This formula, of course, should not be used 


where the pressure is much different from 300. Formulas like those 
in the last column are given in works on gas-engine design, without 
qualification, which is not correct, as these formulas have a limited 
range. The rational formulas given, with the mean values of the 
numerical coefficients substituted, are the proper formulas for general 
use. 

The maximum explosion pressure in the engines examined varied 
from about 250 to 350 lbs. per sq. in., the average being 300 lbs. per 
sq. in. The compression pressure varied from about 50 to Ioo, the 
average being 70 lbs. per sq. in. The lower values of compression 
pressure and maximum pressure are for engines using gasoline, and 
the higher values for natural gas. This is, of course, due to the fact 
that pre-ignition must be avoided. 

The maximum horse-power which an engine can develop is found 
to average very closely 1§ times the rated horse-power for which the 
engine is sold. 

The mechanical efficiency averages about 80 per cent. The engines 
examined were single-cylinder horizontal or single or multicylinder 
vertical engines, all single acting, varying from 5 to 100 h.p., and the 
formulas given apply only to such engines. 

The maximum probable brake horse-power of gas engines may be 
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Fics. x to 5.—Types of gas engines in relation to weight of fly-wheels. 


TABLE 2.—HORSE-POWER CONSTANTS FOR GAS ENGINES 


Single-acting enyines | Double-acting engines _ 
Cylin. | Natural |Producer| Illum’g || Cylin. Natural |Preducer Illum’g 
diam. gas gas gas || diam. gas | gas) “)) (pas 

5 -00162 | .00140 | .00175 || I0 -O122 -OI05 -O132 
5t -00179 | .00154 | .00193 || 103 -0135 | .o116 -O145 
53 -00I97 | .00169 | .002T2 It } -0148 -0128 -OI159 
52 .00215 -00185 -00232 |} II} -O161 | .0139 -0173 
6 .00234 | .00202 | .00252 | 12 |; .O175 . -OI51 - 0189 
/ / : : 
64 -00254 | .00219 | .00274 {| 12} | .oror | .o164 -0206 
64 .00275 00237 -00296 ] 13 -0207 | .0178 .0222 
62 .00297 | .00255 | .00319 | 134 -0222 -OIQL -0239 
7 -00319 | .00274 | .00343 || 14 | -0239 | .0206 -0257 
74 -00342 | .00294 | .00368 144 | .0257 | .0222 .0277 
73 -00366 | .00315 | .00304 | 15 | .0274 -0236 .0205 
72 -00390 | .00336 | .00421 | 16 -0313 .0270 - 0337 
8 -00416 | .00358 | -00448 || 17 -0354 -0305 -0381 
8t -00443 | .00381 | .00476 | 18 -0395 - 0340 | 0425 
84 .00470 | .00405 | .00506 || 19 -0441 -0380 | .0474 
} | 
82 -00498 | .00429 | .00536 || 20 -0489 | .0421 | .0526 
9 -00526 | .00454 | .00567 || 2t | .0538 | +0464 | -0579 
94 -00587 | .00505 | .00632 22 - 0597 -O510 - 0637 
10 -00650 | .00560 | .00700 || 23 | -0646 | .0557 | .0606 
10} -00717 | .00617 -00772 24 -0703 | .0606 | .0759 
LE -00786 | .00678 .00847 || 25 -0763 -0657 | .0827 
11} .00860 | .00741 | .00026 26 -0825 | .o71I1 -0889 
12 -00936 | .00806 | -OIor 27 -0890 -0767 - 0050 
12} .OIOI -00875 | .oro9 28 .0958 -0825 | .103 
13 -OIIO . 00046 -orr8 290 -103. | .0885 -IIr 
13} -Orrs -O102 0127 30 . 110 : - 0047 / .1r8 
14 -O127 -OIIO - 0137 3r | .227 ) s2GE | .E26 
14} -0137 -O118 | .0147 32 | .125 | . x08 -135 
15 . 0146 - 0126 . 0157 33 -133 | .115 ) -143 
16 -0166 -O143 0179 34 | :%42 | .422 | .452 
| | 
17 -0188 | .0162 | .0202 35 | 149 | .129 -16r 
18 -0210 -orsr . -0227 36 -158 | +437 / -I71 
19 -0234 | .0202 .0252 37 -368 | zag -180 
20 .0260 | .0224 .0280 || 38 -177. | .252 - 190 
2I .0287 . 0247 +0300 || 30 . 186 / . 160 | - 200 
' : 
22 -0315 | .027r | .0330 40 105 .168 | .ar0 
23 } °0344 | .0296 | .asyo If 4x | tees | creu. | een 
24 -0374 | .0323 | .o4o3 || 42 216 | .186 | .a32 
25 +0406 +0350 - 0437 43 .226 | “195 | -243 
26 | +0439 -0379 | .0473 44 | .236 204 | .255 
27 -0474 | .0408 | .osro 45 247 | -213 | .266 
28 -O510 -0439 -0549 || 46 .258 223 | .278 
29 +9547 -O47I -0580 || 47 | <870 ]) saggy | 20% 
__ 30 | .0585 0504 | .0630 |] 48 | .28a | 243 | <g0e 


obtained from Table 2 by Crcrt P. Poorer (Power, Mch. 23, 1909) in 
connection with the formula: j 
Probable brake h.p.=constant from table X stroke, ins. X r.p.m. 

The constants for double-acting engines include an allowance of 6 
per cent. for the effect of the piston rod. 

The weight of flywheels for gas engines may be determined from the 
formula, by R, E, Marnxor, (Engineering Magazine, June, 1907), 

_ to 75 VW 
Bak Dans” 
in which P =the weight of the rim (without arms or hub), tons, 
D=diameter of the center of gravity of the rim, ft. 


(Continued on page 448, first col 
ve ae ‘olumn) 
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TABLE 1.—CURRENT PRACTICE IN THE DIMENSIONS oF Gas ENGINES 


Engine dimension and 
name of design con- 


Notation: All dimensions in ins., 
all pressures and stresses in lbs. 


Rational formula 
for engine dimen- 


Maximum, 
mean and min- 
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Corresponding 
numerical values 


Assumptions made in 
deducing formula for 
average cases from 


Reduced for- 


stant ie ae it ere n, sion in terms of the | imum values of | of coefficient of |rational formula; mean mula foraverage 
epends design constant | design constant formula value of design con- ae 
stant always used 
Thickness of cyl. wall. ... t=thickness of cyl. walls. = (x ) pD+} = I pb=300 D 
Stress in cyl. wall....... S=stress in cyl. walls. 2S 1,625 5s" t= seit 
b=max. pressure. 2,450 .000308 
D=dia. of cylinder. 3,750 000204 
a . 000133 
Thickness of jacket walls|) T=thickness of jacket wall. Te=ct c= T= .6t 
t= thickness of cyl. wall. .86 
.60 
+43 
Thickness of water jacket| j=thickness of jacket space. j=ct c= j = r}t 
space. t=thickness of cyl. wall. 1.85 
1.25 
I.00 
Numberof cyl.head studs} qg=number of cyl. head studs. q=cD+2 c= q=3D+2 
D=diameter of cyl. Toad) 
767 
.40 
“ : 2 _ ra r D 
Outside dia. of cyl. head =outside diameter of cyl. head o= 4)? D s= ee ae ~p =300 o>; 
studs. ~ studs. Vis Na ie nisi 
Stress in cyl. head studs.| g=number of cyl. head studs I) BOIS HE T eS Cones 
pe anu pressure 7,800 0135 for 9g-in. cylinders 
D=diameter of cyl 45590 or79 and nearly correct 
s=stress at root of thread for quite 2) I 
either side. 
Length of stroke in terms}; L=length of stroke. 
of cyl. diam. D=cy)l. diameter. L=cD é rs L=14D 
T5 
I.0 
- Length of con. rod...... C=distance from center to center Caue Be ze 
Ratio of con. rod to crank of connecting rod. esac? ue i ve 2 
u=ratio of con. rod to crank. 2 ce 
=I f : Z 
L=length of stroke i 
Weight of piston....... W = weight of eae Wier 
H =area of cyl.= Figs 
Weight of con. rod...... V = weight of pee rod. V=.8H 
H =area of cyl. =D 
Total weight of recipro- | W=total wt. of piston. 
cating parts. V =total wt. of con. rod. eR Viet es Oe? Wari = 2.08 
Wt. of recip. parts persq.| H=area of cylinder. T02 
in. of cyl. w=weight of truly reciprocating 1.70 
parts per sq. in. of cyl. Sade 
ji x .22\pD a9 EN 
Length of piston........ B=length trunk piston. B= G a=) rr b= G b ) = p=300 B=1}4D 
Bearing pressure on pis-| 6=bearing pressure on projected 6 .Or8 Wa 
ton due to con. rod area of piston (mean value dur- nas .025 
thrust. ing working stroke. 48 .036 
u=ratio of con. rod to crank. 
p=maximum pressure 
D=cyl. diameter. 
Bearng pressure on pis-| b’=bearing press. on proj. area of eee b= .89 
ton due to weight. piston due to wt. of itself and , —wD B=14D 
portion of con. rod supported| 5’=—y- 
by it. 
w= wt. of recip. parts per sq. in. of 
cyl. 
D=diameter of cyl. 
B=length of piston. AI -4I za 
2 : = (34) ven s= RVI be p=300 fe 
Thickness of rear wall of z=thickness of rear wall of piston Vs s 
piston. s=stress in rear wall of piston 2.860 -00766 
Stress in rear wall of pis- p=max. pressure. 5,320 00562 
ton. D=cyl. diameter. 10,200 _ 00405 
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TABLE 1.—CURRENT PRACTICE IN THE DIMENSIONS OF GAS Encines—(Continued) 


Engine dimension and 

name of design con- 

stant upon which it 
depends 


Assumptions made in 
deducing formula for 


Length and diam. of wrist 
pin or piston pin. 

Stress and bearing pres- 
sure on wrist pin. 


Area of mid-section of 
con. rod, 

Factor of safety in con. 
rod considered as a long 
column, 


Length of arm of bending 
moment on crank pin in 
terms of cyl. diam. 


Diameter of crank pin... 
Stress in crank pin...... 


Length of crank pin..... 
Bearing pressure on crank 
pin. 


Thickness of crank 


throws. 


Breadth of crank throws. 


Length of arm of equiva- 
lent bending’ moment 
on crank shaft, in terms 
of cyl. diam. 


Diameter of crank shaft, 
Stress in crank shaft... . 


: Me Rational formula Maximum, Corresponding Reduced tase 
Notation: Alldimensions in ins, | ¢,. icine dimen- | mean and min-| numerical values | average cases from toe 
all pressures and stresses in Ibs. sion in terms of the | imum values of| of coefficient of |rational formula; mean aocceinee 
per sq. in. design constant | design constant formula value of design con- 
stant always used ; 
“a 
ad” =diam of wrist pin. 4[q s= p=300 ad" =. 22D 
1” =length of wrist pin. "= qe /p D 13,300 
p=max. pressure’ 4sb 10.500 
D=diameter of cyl. 10,000 
s=stress in wrist pin. = 
b=bearing pressure on projected | j”= Ve ad” b= I” =13d" 
area of wrist pin due to maxi: 4b 3,900 
mum load. 2,800 
2,260 k 
a=area of mid-section of con. rod. o= 74,560 pD _ stan b=300 R= .23D 
k=factor of safety of rod or ratio a 5-44 Round red Rey 
of breaking load by Ritter’s ,00012C* 3 90 .0001220 c? 
formula to actual load. os (x+ ie ) 2 23 ,0000857 ce acim ¥ 
C=distance, center to center of rod .0000500 is given the average 
R=diam. of mid-secton if round. | value 1.6 
Q=height of mid-secton if rec- | 
tangular. j 
r=radius of gyration of mid-sec- i 
tion. ! 
r2= R2/16 or 02/12 | 
D=diameter of cyl. 
=length of crank-pin journal. M-=cD | c= M=.5D 
l’=length of main bearing journal. +450 
2m = distance from center to center ; -609 
of main bearings. } -850 
M=m-— (3l+ 41) =arm of effective | 
bending moment on crank pin, 
for reaction on main bearing due 
to explosion, 
3 
is length of crank-pin journal. d= (4) MpD3 s= (4) Fz M=.6D as found é=.41D 
v= length of main bearing journal. 18,800 -000213 above 
2m= distance from center to center H 10,600 . 000379 ~=300 i 
of main bearings. 7,500 +000533 
M=m—(3l+21). 
d=diam. of crank pin. 
s=stress in crank pin. 
D=diameter of cyl. 
p=max. pressure. 
¢=length of crank pin journal. | 7 = (= pD? 145% I 
d=diam of crank pin. 4b / da c= 46 d=.41D = 95d 
b=bearing pressure on projected 158 - 000720 from above 
area of crank, due to the aver- 213 «000535 ~p=300 
age value of load for a complete 348 + 000327 
cycle. 
*=thickness of crank throws (in x=cd c= 
direction of shaft axis). -46 ae 
d=diam, of crank pin, 63 
-80 
y =breadth of crank throws (per- | y=cx ee 
pendicular to shaft axis), 1.50 ym ats 
x=thickness of crank throws (in 2.12 
direction of shaft axis), 3.00 
Vv =length of main bearing journal.| M’=cD cm 
L=length of stroke, M’= .4D 
; +324 
D=diameter of cyl. .400 
M’ =(.325l/+.000L) =arm of equiv- 468 
alent bending moment on 
crank shaft (at inner edge of 
main bearing) for reaction on 
main bearing due to explosion, 
8 
$ =stress in crank shaft at inner | d/= \ (4) spam = (4) = 
edge of main bearing journal. : > M’'= .4D d=3D 
ee 7 14,400 -000278 fr : 
d’=diam. of crank shaft at main 9,500 ‘om above. 
bearing, , -000422 ~=300 
6,200 -000644 


UV =length of main bearing journal. 
M’ = (.3251/ + -oooL), 

D=diameter of cyl. 

p= max. pressure, 
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TABLE 1.—CURRENT PRACTICE IN THE DIMENSIONS oF Gas Encines—(Continued) 


Assumptions made in 
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Engine dimension and ay. A ; nw. Rational formula Maximum, Corresponding | deducing formula for 
name of design con- Hey ees Oe peers for engine dimen- | meanand min- | numerical values | average cases from | Reduced for- 
stant upon which sien MGN te sion in terms of the | imum values of | of coefficient of |rational formula; mean Ee eames 
it depends ieee design constant | design constant formula value of design con- PASSS 
stant always used 
Length of main bearing | //=length of main bearing journal. jf (= pD? b= (= ) = d'=3D UV = 24d’ 
journal. d’ =diam. of main bearing journal. 24b/ d’ 174 24b/) 
Bear’g pressure on main) 6=bearing pressure on projected 123 .000752 pb =300 
bearings. area of main bearing, due to av- 98 - 001068 
erage value of load for a com- - 001334 
plete cycle, 
Outside diameter of fly- | /=outside diam. of fly-wheel in ins. me C aR\t K= (72) fs F = 12/300 
wheel. x /n 4,490 t 7k 
Velocity of fly-wheelrim.| K=velocity of fly-wheel rim in ft. 3,220 17,140 
per min. 2,290 12,300 
n=revolutions per min. 8,750 
Weight of fly-wheel..... U = total weight of all fly-wheelsin U= = 272,300,000,000 | Above value of rim U= 
Speed fluctuation coeffi- lbs. 272,300,000,000 034 asf. aa velocity 33,000 H.P. 
cient. H.P.=rated horse-power. ieee ees 054 = 12,300 wea ae 
F=outside diam. of fly-wheel in H.P oor 8,000,000,000,000 Pies ee 
ins. F2n8 That is 5,000,000,000,000 
n=revolutions per min. 3-4% 3,000,000,000,000 
f=speed fluctuation coefficient, or 5.4% 
Z ratio of total variation inr.p.m. 9.1% 
to the mean value. 
Rotation speed.........| =rotation speed, r.p.m. /70,3821 I= V 70,3821 = W=1.7 _ 800 
Inertia force at end of | I=inertia force at end of stroke he eam ge 8.14 757 as found above mie 
stroke, per sq. in. of pis- per sq. in. of piston. I5.40 1,041 This is equiva- 
ton. w= weight of truly recip. parts (pis- 30.80 1,472 lent, to tak 
ton+ 4} con. rod) per sq. in. ing the piston 
of piston. speed in ft. 
L=length of stroke, ins. per min. as 
133 VL 
Exhaust pipe diameter. E=exhaust pipe diam. I — v= poe Se 800 E=.28D 
Nominal speed of gases v=nominal speed of gases thro’ ae ( =) DVLn 8,850 (va) = id SiG 
through exhaust pipe. exhaust pipe, ft. per min. 5,730 .00434 asfoundabove. Then 
n=revolutions per minute. 3,120 .00539 ms 
L=length of stroke. - 00732 ESepen ss of VE one 
D=diameter of cyl. hence varies little for 
different values of L. 
L taken as 12. 
Exhaust valve diameter. =exhaust valve diam. v= (==) =, Same as above. e=.3D 
Nom’! speed through ex-| v=nominal speed through ex- Ags (=) DJSTx 6,750 V/ 60 
haust valve.- haust valve. / 60 5,200 . 00497 
n, L and D as above. 3,630 . 00566 
.00678 
Inlet valve diameter. ...|i=inler valve dia. when there is a v= (+) na Same as above t=.27D 
Nom’l speed through valve admitting whole charge. ye —) DUE 8,330 / 60 
inlet valve. v =nominal speed thro’ inlet valve. / 6 6,400 .00447 
n, L and D as above. 4,680 .00510 
.00598 
Gas pipe diameter...... G=gas pipe diam., natural gas. = (- =) sap Same as above G=.11D 
Nom'l speed through gas v=nominal speed thro’ gas pipe. oe ( ae ) FP PP 6,670 »/ 600 
pipe. n, L and D as above, / 60” 3,700 00158 
2,380 00212 
.00264 
Gas valve diameter..... g=gas valve dia., natural gas. v= ( =) “ Same as above g=.15sD 
Nom’! speed through gas v=nominal speed thro’ gas valve. oe ( ae ) D»/En 3,330 V 60” 
valve. n, L and D as above. \/ 600 2,080 . 00224 
I,110 . 00283 
.00387 
Air pipe diameter. ..... A=air pipe diameter, natural gas. |A = v= ( ata) Ea ) Same as above A=.25D 
Nom’ speedt hrough air v = nominal speed through air pipe. (= be ) D\/Ln 10,700 V 6.670 
pipe. n, L and D as above. / 6.670 6,900 00374 
4,500 .00466 
p 5 maa eh! D*Ln 
Maximum brake H.P. | M.P.=maximum brake H.P. MP _—D*LnP P= M.P.= 14,400 
eel {O081500 50 u 
Nominal mean effective | »’=mean effect. press. from area of| (for four stroke cycle 70 
indicator card. engine.) 85 


pressure. 


h=mechanical efficiency, or ratio 
of brake to indicated power. 

P=hp’=nom'! M.E.P. 

D=cylinder diameter. 

L=length of stroke. 

n=revolutions per minute. 


448 


a=the amount of allowable variation, 

n=the revolutions per minute, 

N =the brake horse-power, 

K=coefficient varying with the type of engine, 

The coefficient K, is determined as follows: 

K=44,000 for Otto-cycle engines, single-cylinder, single- 
acting. (Fig. 1.) 

K=28,000 for Otto-cycle engines, two opposi*e cylinders, 
single-acting, or one cylinder double-acting. (Fig. 2.) 

K=25,000 for two cylinders single-acting, with cranks set 


at 90 deg. (Fig. 3.) 
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K =21,000 for two cylinders, single-acting. (Fig. 4.) 
K=7000 for four twin opposite cylinders, or for two tandem 
cylinders, double-acting. (Fig. 5.) 
The factor a, the allowable amount of variation in a single revolu- 
tion of the fly-wheel is as follows: 


For ordinary industrial purposes. . ss to sb 
For electric lighting by continuous earteae Fistee'ss Siyhtote ses os tod 
For spinning mills and similar machinery. . aha to zis 
For alternating-current generators in parallel PP hte te io 


The total weight of the fly-wheel may be considered as equal to 
PTAs 


COMPRESSED AIR 


TABLE 1.—PNEUMATIC CONSTANTS 


Weight and Volume of Air 


I cu. ft.=.0760097 lb. =1.217 oz. 
I lb.=13.141 cu. ft. 


Value of one Atmosphere of Pressure 


Lbs. per 
sq. in. 
Wy) 


1 lb. per sq. in. 


Column of 
water, ft. 


33-947 


Pressure Equivalents 


Column of 


mercury, ins. 


30 


= 2.04 ins. of mercury = 2.3009 ft. of water. 


t in. of mercury 


r ft of water 


.49 lb. per sq. in. 
.433 lb. per sq. in. =.883 in. of mercury. 


=1.132 ft. of water. 


Temperature 62 deg. Fahr.; pressure 14.7 lbs. per sq. in. 


TABLE 2.—BAROMETRIC PRESSURE AT VARIOUS ALTITUDES 


Altitude, ft. ey Lbs. per sq. in. sas 
column, ins. column, ft. 
o 30 | 14.7 33-95 
I,000 28.88 14.15 32.68 
2,000 27.80 13.62 31.46 
3,000 26.76 Ig EE 30.28 
4,000 25.76 12.62 29.15 
5,000 24.79 12.15 28.05 
6,000 23.86 Ir.69 27.00 
7,000 22.97 Ir.26 25.99 
8,000 22 TF 10.83 25.02 
9,000 21.28 10.43 24.08 
10,000 20.48 10.04 23.18 
1I,000 10-72 9.66 22.32 
12,000 18.98 9.30 21.48 
13,000 18.27 8.95 20.67 
14,000 17.59 8.62 19.90 
15,000 16.93 8.30 19.16 


TABLE 3.—EQUIVALENTS OF OUNCES PER SQ. IN., IN Ins. OF HEIGHT 


OF COLUMNS OF WATER AND MERCURY 


Ozs. per sq. in. 


| 


Ins. of water 


| 


Ins. of mercury 


.146 .25 .o18 
.292 pi -037 
-438 -76 -055 

. 584 I.o1 .074 

I 1.73 27, 
2 3.46 -255 
3 5.20 .382 
4 6.93 -510 
5 8.66 637 
6 10.39 765 
7 i ge to .892 
8 13.85 1.019 
9 15.59 1.148 
5 ie) 07332 1.275 
II 19.05 Tie 2 
12 20.78 1.529 
13 22.52 1.658 
14 24.25 1.785 
15 25.98 1.913 
16 ey 2.036 


The word efficiency has two special meanings as applied to air com- 
pression, these being called volumetric and compression efficiency. 
The former refers to the volume of air taken in compared with the 
piston displacement. Loss of volumetric efficiency is chiefly due to 
re-expansion of air from the clearance spaces as the suction stroke 
begins. It, hence, increases with the volume of the clearance spaces 
and with the receiver pressure. The clearance spaces being the same, 
the loss is less with compound than with simple compressors because 
of the reduced pressure produced by the first cylinder. It is com- 
monly measured by dividing the actual length of the suction line of 
the indicator card by the total length of the card, although this 
ignores a known but unmeasured source of loss due to the warming 
of the air as it enters the hot cylinder. 

The compression efficiency compares the developed with the theoret- 
ical air horse-power, in which comparison two practices prevail. 
The first compares the actual power with that due to isothermal 
compression, while the second compares it with single-stage adiabatic 
compression. Isothermal compression being an impossible condition, 
the first practice has little real significance, while, adiabatic compres- 
sion being the normal condition, the second practice furnishes a 
ready means of expressing the actual gain (often actual loss) of com- 
pound over simple compression. 

Air compressors should not draw air from warm engine rooms. A 
suction flue connecting with the cooler out-door air gives rise to con- 
tinuous economy. The gain is approximately 1 per cent. for each 
5 deg. Fahr. difference of temperature, the gain appearing in increased 
delivery of air which costs nothing. 


Compressed-air Power Calculations 


The fundamental formulas for the adiabatic compression of gases are: 


General For air For natural gas 


Pee (21\” Pos (ou\a-es ba (v1) 1-266 
pe (2) pi (2) Pi (“) (2) 


2) 


in which #i=initial pressure, abs., 
p2=final pressure, abs., 
v, =initial volume, 
v2 =final volume, 
t; =initial temperature, abs., 
t,=final temperature, abs. 
specific heat at constant pressure 
sar specific heat at constant volume 


= 1.408 or, for practical purposes, 1.41 in the case of air 


The work of air compression, including that due to explusion of the 
air from the cylinder, adiabatic compression being assumed, may be 
most conveniently expressed by the formula: 

m.e.p.=3-45pi(r'®—1) (a) 


2 


TL ewhichese 


pi 
Calculations of the mean effective pressure may, in most cases, be 
abbreviated by the use of Table 4, of which the constants of the 
third column multiplied by the initial pressure, Ibs. per sq. in. abs., 
give directly the m.e.p., lbs. per sq. in. For compression at sea level 
the multiplication has been carried out to give both the m.e.p. and 
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the air h.p. per too cu. ft. free air compressed per min. It should, 
however, be noted that most compressors do not realize full 
atmospheric pressure in the cylinder and, in such cases, the actual 
pressure at the beginning of compression should be used when val- 
culating the theoretical m.e.p. The assumption of too high an 
initial pressure results in a credit for cooling to which the compressor 
is not entitled. 

Affecting the actual m.e.p. may be mentioned such cooling as there 
may be from the cylinder jacket, the re-expansion of the air in the 
clearance spaces, and the effect of the clearance spaces in reducing 
the actual compression ratio of volumes from the apparent ratio, all 
of which tend to reduce the mean pressure, while the ‘camel backs”’ 
due to the opening of the discharge valves tend to increase it. 

The effect of jacket cooling is always small and the actual m.e.p. 
should not differ much from that given by formula (d). 


TABLE 4.—CONSTANTS FOR SINGLE-STAGE COMPRESSION 


SA —~ Compression from 14.7 Ibs., initial 

eles alo 

-| 38 fe Se i 

3 q 5/22 4 

Hea ly & < 

Flite By o Il 4 Gage H.p. per 100 
alt re a pressure Bees cu. ft. free air 

5 ig bls a lbs. Wa eee min, 
ge | ae 

ai PA 

—— 

Tiga 1.067 peak SE7, 3-4 1.48 
res wr 27 -431 WS 6.3 2.56 
1.75 5.276 607 II.0o 8.9 3.890 
2 1.222 +766 I4.7 Dhe3 4.91 
2.25 1.265 +914 18.4 53.4 5.86 
255) 1.304 L.049 22.0 I5.4 6.73 
Bas I.341 I.176 257 7 3 7.54 
3 Si) I.204 29.4 19.0 8.30 
B25 1.408 1.408 tetany 20.7 9.03 
eels 1.438 Lesir 365.7 22.2 9.69 
Sas 1.467 1.611 40.4 Pye yaur/ 10.33 
4 1.495 1.708 44.1 251.1 10.096 
4.25 E. 52k 1.797 47.8 26.4 be ye 
A=8 I.547 1.887 52.5 Dray 12.14 
4.75 e570 I.970 55.1 29.0 12.64 
5 T.5905 2.053 58.8 30.2 TZic1TF 
S25 1.617 2.420) 62.5 Sieg 13.66 
GAG 1.640 2.208 66.2 gi2kis 14.16 
Ravks 1.661 2.280 69.8 33)..5 14.63 
6 1.681 2.349 7 aies 34.5 I5.07 
6.25 I.701 2.418 76.2 35.5 Deesir 
6.5 ©.727 2.487 80.9 36.5 15.95 
6.75 1.740 | 2.553 84.6 37-5 16.38 
Ge 1.758 2.615 88.3 38.4 16.77 
7.25 1.776 2.677 91.9 39.3 17.17 
7-5 1.794 2.739 95.6 40.3 17.57 
7-75 I.81r 2.798 99.3 Aran 17.05 
8 1.828 2.857 103.0 42.0 18.33 


Compound or stage compression is resorted to in order to save power 
and to reduce the final temperature and thereby lessen the danger of 
explosion of decomposed oil in the air receiver and pipes. Such 


compounding becomes a mechanical necessity, 
For the most economical results in compound (two stage) compression 
the work should be equally divided between the cylinders, and that 
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The work of compound compression, including that due to expulsion - 


of the air from the cylinders may be most conveniently expressed by 
the formula: 
m.e.p.=6.90p1(r.45 —1) (e) 
in which f; =initial pressure, lbs. per sq. in., abs. 
final pressure, abs. © 
~ initial pressure, abs. 

This equation gives the m.e.p. reduced to the low-pressure cylinder, 
under the assumption that the cylinders are proportioned as called 
for above, that the intercooler reduces the temperature of the air to 
that at which compression began and than the valves and passages 
offer no resistance to the flow of air. 

As with the formula for simple compression, calculations of the 
mean effective pressure may, in most cases, be abbreviated by the 
use of Table 5 of which again the constants of the third column 


TABLE 5.—CONSTANTS FOR Two-sTAGE COMPRESSION 


3 
S| & a Compression from 14.7 Ibs. initial 
aa alice oe 
é. ha a) a a 
-|o | ; 
loa Oo} nS 2 ’ 
algi | 35 x . i 
a) 2 Elan ~ M.e.p., lbs. Possible 
Ae 2| 9 = Ga, d Hp. pe i 
aS = ge reduced Saving by 
al Bl om / | 100 cu. ft. 
=| Yan 2 Pressure, | to low : compound- 
Cae! aha Ne) } / | free air = 
a o! } Ibs. pressure _ ing, per 
iq ' & a : . per min. 
m8 piston cent. 
4 | 
5 I. 263 1.815 58.8 20.7 Ii.64 11.6 
oe 1.280 | 1.932 | 66.2 ) 28.4 12.39 12.2 
6 1.297 2.049 | 73.5 30.1 73.34] | xaLé 
6.5 1.312 | 2.153 80.9 35-7 A 23.88 17-4 
7 1.326 2.249 88.3 | 33.1 14.43 14.0 
7-5 1.339 2.339 95.6 34.4 15.00 I4 
8 1.352 2.429 103.0 33.7 15.58 ‘a.m 
8.5 1.364 2.512 110.2 36.9 : 10.22 9 3a eee 
9 1.375 2.587 117-6 | 38.0 |° s6¢5q Gian 
9-5 1.386 2.663 125.0 39.2 57-66 “he ee 
| : : 
Io 1.306 2.732 | 132.3 40.2 | 17.52 : 
II I.416 2.870 | 147.0 42.2 ; 28 ..gi “Ria alee 
I2 1.434 2.0905 | 161.7 44.0 EO. 25 "TO At. owe oe 
13 I.450 3.105 176.4 | 45.6 : 29.62 |. =~. simon 
I4 1.466 3.215 | I9I.1I 47.3 : 20.62 [rvs tsteses 
| | | 
i 
I5 1.481 3-319 | 205.8 | 48.8 it ee oe 


multiplied by the initial pressure, Ibs. per sq. in., abs., give directly 
the m.e.p., Ibs. per sq. in., reduced to the low-pressure piston. For 
compression at sea level, the multiplication has been carried out to 
give both the m.e.p. and the air horse-power per roo cu. ft. free air 
compressed per min., while the last column gives the theoretical sav- 
ing due to compounding under the assumptions of the last paragraph 

The air horse-power for each roo cu. ft. of free air compressed per 
min. for simple or compound compression. 


= .436Xm.e.p. (f) 

As applied to pressures in common use for industrial purposes— 
say 80 to 100 Ibs. per sq. in.—the margin of saving by compounding 
which, as Table 5 will show, is not large, may be more than offset by 
defective design. 

This is shown in Fig. t from actual indicator cards. Because of 
deficiant capacity of the intercooler, the volume of air entering the 
high-pressure cylinder is not reduced to the isothermal line as it 
should be, while the overlapping of the high- and low-pressure cards 


{ 


{ 
7 


COMPRESSED AIR 


available, there is no reason why an efficient intercooler should not 
reduce the temperature of the air below that at which compression 
began and thus carry the volume of air entering the high-pressure 
cylinder within the isothermal line. As a matter of fact, this has 
often been done. 


Air Compression at High Altitudes 


The effect of altitude on air compression is to decrease both the deliv- 
ery of air and the consumption of power but not in the same ratio, 
the net result being to increase the power consumed in producing a 
given volume of compressed air. 

The relation of the volume of air delivered by a given compressor at 
sea level and at an altitude, the gage pressure of delivery being the 
same and ignoring clearance losses, is given by the equation: 


Iz 

Vo are 
ean ak (g) 

5: 


in which v;=volume of delivery at sea level measured at the delivery 
pressure and after the heat has dissipated, 
v2=volume of delivery at an altitude measured at the 
_ delivery pressure and after the heat has dissipated, 
pi=barometric pressure at sea level, 
p2=barometric pressure at an altitude, 
P =gage pressure. 

Table 6 has been calculated from this formula. The actual reduc- 
tion of delivery due to altitude is, however, greater than the table 
shows. The loss due to clearance in- 
creases with the ratio of compression and 
since, for a given gage pressure, this 
ratio increases with the altitude, the °® 
clearance losses increase likewise. The 0 
heat due to compression is also a func- 
tion of the ratio of compression and 
hence, for a given gage pressure, the 0 
temperature of the compressed air in- 
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TABLE 6.—RELATIVE AMOUNTS OF AIR DELIVERED BY A GIVEN Com- 
PRESSOR AT VARIOUS ALTITUDES 


Altitude, ft. Relative output at gage pressures 
70 lbs. too lbs. 

° 1.000 I.000 
1,000 .969 .968 
2,000 -938 -936 
3,000 .908 -905 
4,000 . 880 .875 
5,000 853 846 
6,000 .826 .818 
7,000 .798 +799 
8,000 aye . 763 
9,000 - 746 +737 
10,000 .720 ee, 
II,000 .697 . 688 
12,000 -675 665 
13,000 .654 .642 
14,000 . 632 .620 
15,000 OLD -599 


To find the final temperature find the value of on the scale at 
1 


the top, trace vertically to the line for the suitable initial tempera- 


50- 

creases with the altitude. For both 
reasons compounding is of increasing 
importance with increase of altitude. 305 
Graphic Compressed-air Power zt 
Calculations 104 


Lbs, 
R.P.M. 60 100 
100100, Lbs, 78 Lbs, =— 
0 8 Gage 90 
0 6 
40 4 80 
0 20 
uw Ws 0 0 a ® 70 
2014x 48 H.P, Air Cylinder is) 
- Lbs. U] ae 
20 ; 
iy 50 
3234x 48'L,P. Air Oylinder ¥ 
6 
4 
$> MBP. Fes 
19.3 Lbs, 20 
14.0/Lbs 
: 10 


The foregoing calculations may be Crank Had en Head End 
made graphically by the aid of Figs. 3 
and 4, by J. A. Brown (Amer. Mach., R.P.M. 62 
June 12, 1913), Fig. 3 being for single 
and Fig. 4 for two-stage compression, eae Ace = 
the assumption in the latter being that abe. ee . 


the intercooler reduces the air to its 
initial temperature. 

To use the chart, Fig. 3, for single- 
stage compression: Find the absolute 
final pressure on the scale at the left by 
adding the barometric pressure for the 
required altitude, Table 2, to the gage 


TT ee, Sees 
19 x 42 H.P, Air Oylinder 


pressure. Trace horizontally to the 
line for the altitude, vertically to the 


line marked a) a and horizontally to 
1 


+29 
the right where read the value of (*) : 


+2 7 
Subtract, mentally, 1 from the value of (4) find the resulting 


value on the lower scale and from it trace vertically to the altitude 
line and then horizontally to the right where read the m.e.p. from 
the middle scale and the horse-power per 100 cu. ft. free air per min. 


Crank End 


Fic. 2. Head End 


Fics. 1 and 2.—Good and poor compound air-compressor practice. 


ture and then horizontally to the scale at the center of the chart where 
road the final temperature, Fahr. absolute. 

Fig. 4 for two-stage compression is used in precisely the same 
way. 
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Fic. 3.—Mean effective pressure, horse power and temperature of compressed air. Single stage compression, 
The Index of the Compression Curve The solution of this equation will give the required index. The 
work may be abbreviated by the use of Table 7 as follows: Select 


To find the index of an actual compression curve corresponding to 
the theorectical value 1.41 in equation (a), measure the pressure and 
volume at two points on the indicator card, as widely. separated as 
possible, for which any scale may be used, inches divided into tenths 
being most convenient. Call the lower pressure ; the corre- 
sponding volume 2, the higher pressure p2 and the corresponding 
volume v. The index being unknown we have then to solve the 


equation: 
pi V2 


far and 23, 


Pi V2 
giving R=yrzx 
That is, log R=log, rz 
or log R=x logr 


Let 


or = 


(h) 


such values of »: and p; that the former shall be an exact multiple— 
2, 3, 4, 5, 6, 7 or 8 times the latter. 
Measure v2 and 2; to correspond with p2 and $1; divide 2, by v2 


. . % v . 
and find the resulting ratio in the column of = standing under the 
2 


ratio for : selected. Opposite the ratio for = will be found the 


value of the index, 

The index of the compression curve may also be found graphically 
by the aid of Fig. 6, by J. A. Brown (Amer, Mach., June 28, 1900). 
Take for example the card shown in Fig. 5. From the card measure 
v and # at two points and by any scale—inches and tenths being 
most convenient—one at the beginning of compression where p 
measures .44 in. and v 6.1 ins. Take any other point, say p=1 in., 
and »=3.12 ins. On the chart Fig. 6 mark the intersection of .44 
on the scale of pressures with 6.1 on the scale of volumes; mark the 
intersection of p= and v=3.12 ‘in the same way. Using two 
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Fic. 4.—Mean effective pressure, horse power and temperature of compressed air. 


triangles as a parallel ruler find the index diagonal to which a line 
through these points is most nearly parallel and read the figures 
for the approximate index—in this case 1.25. If through the inter- 
section of # and v at beginning of compression, diagonals parallel 
to the isothermal and adiabatic lines be drawn, intersections with 
these lines give corresponding values of v and #, and for every 
value of v, the three values of p corresponding to isothermal, adia- 
batic and the actual compression curve plotted on Fig. 5. 


The Friction of Compressed Air in Pipe 


The formula for the friction of compressed air in pipe, taking into 
account the increase in volume and velocity that accompanies drop 


in pressure, was first established by Proressor Unwin (Transmis- 


sion of Power). Slightly transformed to make it read volume instead 
of weight it is as follows: 


5 


1 (bps?) 


V =3.04 f 


Two stage compression. 


in which V=volume, cu. ft. free air per min. at sea level and 60 
deg. Fahr., 
d=diameter of pipe, ins., 
pi=initial pressure, lbs. per sq. in., abs. 
po=terminal pressure, lbs. per sq. in., abs., 
f =coefficient of friction, 
l=length of pipe, ft. 
The coefficient of friction is not constant but varies with the diam- 
eter of the pipe. According to Professor Unwin it is expressed 
by the equation: 


in which d=diameter of pipe in ft. 

Problems involving the friction of compressed air in pipe may be 
solved by the use of Fig. 7 by Jas. A. Brown (Amer. Mach., July to, 
1913) which incorporates both the above formulas. The use of the 
chart is explained belowit. It will be recognized that the method of 
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TABLE 7.—VALUES OF THE INDEX OF COMPRESSION CURVES : 
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Lower pressure Lower pressure Lower pressure ee eS Lap, a ft as 
2 —= os —=kK=> —_—=> = 
5 os Feats paR=3 paR=4 pee D1 pi pi 
pr 1 | 
| 0,0 ojo a o;,o ts 
2 alg Le ale 2 2 ERE g #18 $ 
BE c EE c He | § Ae 5 a3 5 ala ft 5 ale Oo 3 
2/2. 0 3 Se E aah Be ei By | sis = 34 gig 8a | B/S = o4 
Oi ° | g2 RS ° | CH Son { oes Cad {I ws t “2 sates “a3 ee Pa tee eS 
eae ‘Ss ss 1} oe 8 ae ee er ae gly 
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a6 ara 2.80 I.07 3.60 I.08 4.60 r.06 520 I.09 6.20 I.07 7.20 | ‘2 
ae, I.14 2.75 I.09 3.50 Tek 4-50 I.07 5.00 Fiz2 6.00 I.09 7.00 ) I.07 
1.82 1.16 2.70 poate 3-40 1.13 4.40 I.09 4.90 1.13 5-80 I.1I 08 | 1.09 
1.80 1.18 2.65 Dats 3-30 I.16 4.30 I.1I0 4.80 I.14 5.60 E33 .60 | I.10 
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I.74 T2725 Ba50) I.20 3.00 Tz 4.00 I.16 4.50 I.19 5.00 5.25 6.00 r.16 
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I.70 be Ye 9 2.40 1.26 2.90 1.30 3.80 Poze 4-30 I.23 4.80 I.24 5.60 I.21 
1.69 tes 235 I.29 2.85 Read 3-70 £23 4.20 1.25 4.70 I.26 5.40 I.23 
1.68 I.34 2.30 Te 32) 2.80 1.35 3.60 1.26 4.10 Z.27 4.60 | 1.28 5.20 1.26 
1.67 1.36 2.28 I.34 2.78 1.36 3.50 I.29 4.00 I.29 4.50 I.30 5.00 | 1.29 
1.66 Se We 2.26 raos 2.76 f.37 3-45 I.30 | 3-90 =.33 4.40 ¥:23 4.90 Eee 
1.65 39 2.24 1.36 2.74 2.38 3-40 I.32 3.80 1.34 4.30 I.34 4.80 eat 
1.64 FE vale 2522 1.38 Bo Eu39 2.35 5.33 eC Wie JAE 4.20 1.36 | 4-70 1.35 
2.20 I.40 2.70 I.40 3.30 I.35 3.60 ) I.40 4.10 1.38 4.60 1.36 
3.25 1.36 4.00 1.40 4.50 1.38 
320 1.38 _ J | _ 4-40 1.41 


introducing the length factor is due to the fact that, unlike the case 
of liquids, the friction loss is not in simple proportion to the length 
of the pipe. The factors of the table below the chart are values of 


Ioo 


7 
uv 


from which factors for other lengths may be calculated. 


Plotting the Compression Curve 
The plotting of the adiabatic curve involves the solution of equation 
(a) which, for this purpose and for air, may be more conveniently 
written; 


pods 1.41 = 619) 1,41 


2 3 4 a 6 ay 8 9 1. 
Relative Volumes 
Fic, 8—Ordinates of the adiabatic curve for air. 


Values of #1 and 2; are to be measured from the indicator card 
near the beginning of the compression when various smaller values 
of v; being taken, the corresponding values of ~2 may be calculated 
The process may be greatly abbreviated by the use of the constants 
of Fig. 8, which gives the relative increase of pressure for the re- 
duction of volume as the compression goes on. To use the diagram 
the indicator card should be divided into tenths and half-tenths, as 
this diagram is divided. Then, taking the absolute pressure at the 
beginning of compression, the product of this pressure by the multi- 
plier at the left of each ordinate of the diagram will give the pressure 


Fic. 9.—Construction of the adiabatic curve. 
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due to the adiabatic curve at the corresponding ordinate of the indi- 
cator card. The diagram is applicable to high and low pressure cards 
alike, the proper initial absolute pressure being taken, of course. 
For compression from 14.7 lbs. initial the multiplications have 
been made and entered on the right side of the vertical lines of the 
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Fic. 5 Compressed air indicator card analyzed by the chart, Fig. 6. 


diagram, from which the pressures at the various ordinates may be 
read directly for that initial pressure. 

The use of this initial pressure is, however, seldom justified be- 
cause of the suction loss which exists in most cases. In such cases 
the assumption of full atmospheric pressure results in a curve which 
is too high for the truth, and gives the compressor credit for a degree 
of cooling to which it is not entitled. 

The plotting of the adiabatic curve for any value of the index 
may be done graphically as in Fig. 9 (Amer Mach., June 21, 1900). 
Draw OJ at any convenient angle « with OX. Determine the 
angle 2 from the relation 


1+tan =(1+tan «)” 


in which =the required index. 

Draw OC at the angle 8 with OY. Through A draw AB parallei 
to OX and AJ parallel toOY. Lay off BC at an angle of 45 deg 
with OY, and from the intersection of BC and OC draw a horizontal 
line CE. From the intersection of AJ and OJ draw a line at 45 
deg. with OX and cutting OX at H. At H erect a perpendicular 
cutting CE at E and OJ produced at Ji. Then £ is a point on the 
curve, and so proceed. ‘The smaller angle @ is taken the more closely 
the points of the curve will be located, but the greater the opportunity 
for instrumental error. Obviously the construction may be begun 


Relative Pressures 


nf 2 3 4 5 6 7 8 9 10 
1,0 === 
= dj : : = = 
9 
= i SEE=== See sesssese 
“ = = ieeeaes: i 
=f : : = os Puitireeer 
i: = ES == 
= | Sec SS 
f Bees = EEE SEE 
6 i 
i f f VT 
i T mt 
= : eae t ml rT Tt 
——— ESSE EE SEES : He 
5 ——— Se ee Eee neee Seeeeeeeeres spine Hi 
i it 
TTT | tt i 
E Hot { HHH nue iHEEaaEE i 
| q OU CO oe 
Sea = EEE CHHH EEE : Ht 
Co 
A a H tn ! - 
I rT. | 
g =a Sore este 
: | | === | HAH ! ttt 
i) | EO re 
& ee | i HH He St 
2.3 4 HA 
: omens eeeaeaiiie fesecp is 
a ane LI ; 
: | zi uns SMT 
‘i L 7 RUN t H Gay 
a he ee aay an Lt S iH 
2 i] a va) if 
: HS SI NI L Put 
Ue He feel DS Ed Beaae La N PUT 
aot BILE INS 
frail: (hay el (cl alia ahitatiiali “| S| rT i] ‘ 
11 LLL OA NILES | 
HN 
| Nd Le Fale eS ait Hae i ul I 
hM Nit NOU | Ht 
N NUTITINUTT 
[ HU LIPIDS. 
NET ) 
NK HI | 
pal 


Fic. 6.—Finding the index to an actuxt compression curve. 
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at point S as readily as at point A and conversely, if we have a curve 
for which we wish to derive an exponent, we can, by working back- 


ward, locate the lines OC and OJ, measure the angles @ and #, and 
‘ 


equation is: 


solve for ”. 
For the index value 1.41 the method of Fig. 8 is to be preferred as, 


from its nature, the method of Fig. 9 involves an accumulation of 


error which impairs the accuracy of the result. 
The isothermal curve has comparatively little application to com- 
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in which p1=initial pressure, abs., 
p2=find pressure, abs., 
21=initial volume, 
v2=find volume. 


pressed air as actual compression is always nearly adiabatic. 
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Fic. 7.—Fricti 
IG. 7.—Friction of compressed air in pipes 
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The chief use of this equation in compressed-air work is in laying 
down the isothermal curve on combined indicator cards in order to 
determine the efficiency of the intercooler in reducing the tempera- 
ture and volume of the air before entering the high-pressure cylinder. 
For a graphical method of 
Curve. 
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Difference in Temperature between Air Leaving and Water Entering 


Fic. 1o,—Relation of surface and capacity of intercoolers. 
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constructing the curve see Isothermal 
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The Intercooler 


The design of intercoolers should be such that the air and water 
pass through them in opposite directions in order that the incoming 
or coolest water may act on the air at the last stage of the cooling. 
The outer surface of the tubes should be the air surface as its greater 
area compensates, in part, for its lesser efficiency. There is no 
advantage in copper or brass over iron tubes, in fact, in such com- 
parative experiments as have been made iron tubes have been found 
the more efficient—due probably to their greater roughness. 

The cooling area required for any given final effect may be deter- 
mined from Fig. 10 by H. V. Hatcur, Chief. Engr., Canadian Inger- 
soll-Rand Co., (Amer. Mach., Aug. 30, 1906) which represents the 

ormula (determined by experiment): 
y=.4 0 
in which y=free air capacity of intercooler, cu. ft. per min. per 
sq. ft. of cooling surface measured on the air side, 
*=difference in temperature, deg. Fahr., between the air 
leaving and the water entering. 


The Nordberg construction of intercooler, Figs. 11 and 12, has an 
unusual provision to compel the water to flow equally through all 
the tubes in addition to the counter-current direction of air and water. 
The tube plates are shown at aa while complete tubes are shown at 
bb and others—cut off to avoid confussion—are shown at cc. The 
air enters the intercooler at d and is discharged at e, while the water 
enters at f and is discharged at g. Baffle plates hhh guide the air 
in the manner indicated by the arrows iii, while baffles in the water 
heads insure the flow of the water in the opposite direction as indi- 
cated by the arrows jj}. 


Reheating Compressed Air 


The gain due to reheating compressed air formed the subject of 
experiments by W. G. EpMonpson and E. L. WALKER (Amer. Mach., 
July 31, 1902) a 2 h.p. shaft governor engine being used. The 
consumption of air per h.p. was, no doubt, greater than with 


Fic. r2.-Sectional Elevation 


Fics. 11 and 12.—The Nordberg 
intercooler. 
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Fic. 13.—Reduced consumption of com- 
pressed air due to reheating. 
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Fic. 14.—Increased economy of com- 
pressed air due to reheating. 


458 


larger engines but there is no apparent reason why the gain due to 
reheating should not hold. The tests were made at three pressures 
and various degrees of reheating. The Tesults on the air rk ae 
per brake h.p. are given in Fig. 13, while Fig. 14 shows the 
gain in economy, including the cost of reheating. In this chart, 

B.t.u.’s per h.p. reheated : 
B.t.u.’s per h.p. not reheated 


The results found 


gain in economy =1— 


Oil Groove 
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in its groove. The piston is thus a floating piston, the weight of 
which is carried by the piston rod. This rod, as befits its duty, and 
as shown in Fig. 16, is extremely light. It was made of steel pipe, 
its diameter providing ample stiffness. Each end carries a shoe for 
supporting the weight of the piston, the shoes and the guides being 


shown in Fig. 16. , 
When the slight deflection of a piston rod which suffices to transfer 
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Fics. 15 and 16.—Nordberg construction of piston and piston rod of blowing engines for very light pressures. 
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exceed those to be expected from 
the calculated expansion of the air 
due to the reheating. This is ex- 
plained by the increased mechanical 
efficiency of the engine when heated 
air was used. Indicator and brake 
tests showed large friction losses 
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due to the low temperatures when 
unheated air was used—losses that 
grew markedly less when the air 
was heated. The tests showed the 
fuel cost of the air obtained by 
compressing to be from 8 to 19 
times that obtained by heating. 
Were the first cost of the com- 
pressor plant to be compared with 
that of the heater, the comparison 


would be still more striking. Fic. 17.—Nordberg 


Details of Air Compressors 


Piston and piston-rod constructions for large blowing engines under 
light air pressure, as used by the Nordberg Mfg. Co., (Amer, Mach., 
Feb. 7, 1907) are shown in Figs. 15 and 16. The pistons, Fig. 15, 
which are of 70 ins. diam. and designed for an air pressure of 40 02, per 
sq. in., were made of $-in., boiler plate, each side in one piece and 
dished to the form shown, Lateral stiffness was provided by riveting 
the plates at the outer diameter to a ring spider in halves, the piston 
ring groove being between the halves. The piston was turned 2ins. 
smaller than the bore of the cylinder and the ring did not bottom 


construction of piston rod for moderate air pressures, 


its weight to the cylinder is considered, the conclusion seems inevita- 
ble that the provision of slides at both ends of rods of the usual pro- 
portions is of more than doubtful value as a means of transferring 
the weight of the piston from the cylinder to the slide. 

Another piston-rod construction used by the Nordberg Co. for air 
pistons under somewhat heavier pressures (in this case 7 lbs. per sq. 
in.) is shown in Fig. 17 (Amer. M ach., Nov. 23, 1905). With such low 
pressures, the objection to large stuffing boxes disappears and the 
rod is of enormous size—z6 ins. diam. for an air cylinder of 62 ins. 
diam. It is of cast-iron, hollow and within it is a forged rod, the 
two being so connected that the forged rod carries the tensile and the 
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cast rod the compression strains. A key at a serves to put the forged 
rod under initial tension. 

Air valves for a large blowing engine (62X42-in. air cylinder, pres- 
sure 7 lbs. per sq. in., speed 75 r.p.m.) as made by the Nordberg 
Mfg. Co. are shown in Fig. 18 (Amer. Mach., Nov. 23, 1905). The 
valves are of the Corliss type and are essentially similar to steam 
cylinder valves, except that their functions are reversed, the inlet 
air valves being similar to exhaust steam valves and the outlet air 
valves similar to admission steam valves. All valves are double- 
ported, a provision which gives to the air valves the unusually gen- 
erous effective port area of 13.4 per cent. of the piston area. Fig. 
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plate made of a steel punching, which, by means of two arms fixed 
by plugs, is guided without friction, the valve guard and a helical 
spring between valve and guard. Fig. 3 shows all these parts in 
detail. The only purpose that the spring has to serve is to effect 
the closing of the valve plate at the proper time. Suction- and 
discharge-valve parts are identical. 

The method of inserting the valves into the casings is also shown 
in the illustration. The valve is inserted between the casing and 
guard, which former is provided with stems connecting it with the 
cover plate. The tightening of the valve and the cover is effected 
by rings made of a suitable graphitic material. 

Poppet valves for air-compressor 
service (Riedler system) are shown in 
Fig. 20 (Amer. Mach., Oct. 16, 1902). 


The special feature of this system 


J Outlet 


of valves is that while they are 
closed positively by mechanism they 
are opened by the air or water, as 
the case may be. A moving lever 
closes the valve at the end of the 
stroke, and then, before the time for 
the valve to open arrives again, the 
lever withdraws and leaves the valve 


free to open whenever the conditions 
require it. The action is the same 


Fic. 18.—Nordberg construction of double ported Corliss valves for blowing engine cylinders. 
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Fic. 20.—Poppet valves for air compressors—Riedler system. 


4 shows the valves in relation to their seats and the method by which 
the inlet valves are given a double port. 

Spring-closed relief or safety valves are also provided (not shown) 
to provide for any possible failure of the regular valves (which are 
positively actuated) to act. 

Poppet valves for air compressor service, as made by A. Borsig, 
Tegel, Germany, are shown in Fig. 19 (Amer. Mach., Nov. 5, 1908). 

The valve arrangement consists of a cast-iron seat, a thin valve 


with both suction and discharge 
valves, and much of the mechanism 
is common to both. Both sets of 
valves require closing at the same 
moment—at the extreme end of the stroke—and since that is all 
that the mechanism does, the same movement is obviously as 
appropriate to one as to the other. 

Fig. 8 is a longitudinal section of the upper end of the low-pressure 
air cylinder and its valves, the surrounding casing being broken 
away. The valves will be seen to be double seated, the direction 
of the air currents being shown by the arrows. The manner in which 
the levers ab act to close the valves will be apparent on inspection. 
At cd are air gag or choke pots, the office of which is to prevent any 
rebound of the valves from the stops which limit their opening when 
the compressor is running at high speed. The valves of the high- 
pressure cylinder are sim#lar to those of the low except that they are 
single seated. 

Packing for a high-pressure air plunger of a 4-stage air compressor 
for tooo lbs. per sq. in. pressure, by H. V. Hatcur, Chf. Engr., 
Canadian Ingersoll-Rand Co. (Amer. Mach., A pr. 23, 1908), is shown 
in Fig. 21. The construction gave excellent results, although it is 
not easy to see the office of so many packing rings outside the oiler 
ring or lantern. The plunger should be ground to reduce wear of 
the packing rings. 

The cuts in the inside rings do not lead to appreciable leakage. At 
most they form a long and tortuous passage with many enlargements 
to destroy the energy of the moving air. Moreover they fill with 
oil and soon close up. 

For pipe fittings for high-pressure compressed air see Pipe Fittings 
for High-pressure Air. 


Consumption of Compressed Air 


The consumption of compressed air by various pnewmatic tools as 
made by the Ingersoll-Rand Co. is givenin Table 8. ‘The figures are 
not mere estimates based on piston displacement but are the re- 
sults of careful tests by the makers, the air being accurately measured 
by a water-displacement meter. 

The consumption of compressed air by Curtis direct-lift air hoists 
is given in Table 9. 
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TABLE 8.—CONSUMPTION OF AIR BY PNEUMATIC TOOLS 
Imperial Hammers 
Crown Hammers Sam 
: Cu. ft. free 
Cu. ft. free ‘ Cylinder — mi be 
Cylinder : air per min. J Size Weight, see Uses 
Size) DA's? SS id a Weight,| ait per min: Uses no. | Bore; | Stroke, lbs. min. at 80 
no. | Bore, |Stroke,} bs. | 60 lbs.|100 Ibs. ae ae Ibs. pres. 
ins. ins. pres. | pres. ‘ ze a ee aa Chingine amt celia bath 
1 . 
H 4 I 9 10 17 | Chipping and calking bath | tubs and range boilers and 
as tub and range boilers and other light work. ; 
other light work. 2 Ii 2 11} 20 Light chipping and calking 
JaE Mie ge 2 10 II 18 | Light chipping and calking, beading flues and sealing 
oe beading flues and sealing ana, : 
castings. 3 Ids 3 122 20 General chipping and caiking. 
-H 1h 3 De I2 20 | Generalchipping and calking. i ae - 133 us Heavy chippiar and eae 
oH 1} 4 I2 I3 22 Heavy chipping and calking. 3 x ‘ 55 ay pe 
Riveting light tanks and pike . 
heavy sheet iron. 40 Iv 4 I3%- 2 Driving rivets }-in. diameter 
and less. 
Little David Piston Drills ‘ 50 Ids 5 I5 2I ee rivets }in. diameter 
M M M Max. |Cu. ft. free and less. 
Max. ax. ax. ax. aes aaes 3 = 
Size | Weight ! diam. diam. | diam. |. diam. aes perk Imperial Motor Hois 
is d | tap, P : Cu. ft. free air 
Py i a erie? fe roller, 90 Ibs. Size Capacity, Ft. lift per min. Max. lift, 
drill, ins.| bit, ins. ins. ins. ae ee, : > per ft. lift of 
i no, Ibs, at 80 lbs. pres. A toad 
I 53 Bien ee rok cchexe 2 2 / 3 max. 
2 40 i amie LOA a I | I 2k 50 I | 1,000 | 32 20 | x ge 
3 23 bt Dae One 3 nn Specs 30 2 2,000 | 16 / 20 2.82 
12 3 San | skeuetersnene The Me SOC OHO 0 OF%O| (oo Re 50 4 | 4,000 ! 8 20 5-63 
13 QO Aerie ac BMA eR tess Mocas Re el iets Geee nv ecc | 30 7 7,000 8 20 10 
10 | 10,000 7 | 20 | II.4 
Crown Sand Rammers 
Bae Cylinder | Cu. ft. free air per min. at pres. | in which V=volume of air consumed, measured at atmospheric 
n . 
a 3.8 ‘3 of Bore, |Stroke,| 40 | 50 | 60 | 70 | 80 | go |100 pressure, cu. ft. per min., 
HS |B | ins. | ins. | Ibs. | tbs. | tbs. | tbs. | bs. | Ibs. lbs. a=area of steam piston, sq. ins., 
Bench ram-| 20 10 I A i205 45 7 ros 22 ease eas h=head of water, ft. 
ie dia : A ries diameter of steam cylinder 
- 2 2 I 21 | 243] 2 2 r= = ‘ 
taal alte a a aes : diameter of water cylinder 
mer 20-SR. 


The formula is the full rational formula reduced to its lowest terms 
with the added assumption that 20 per cent. of the power is consumed 
in friction of the pump and of the water in the pipes and that r 5 per 
cent. of the piston displacement is lost in clearance and leakage. 
The compressor is assumed to operate under 14 Ibs. atmospheric 


TABLE 9.—CoNSuUMPTION oF AIR BY DirEct-Lirr Arr Horsts 


Cu. ft. of free air re- 
quired to lift full load 1 ft. 
at 80 lbs. air pressure 


Capacity in lbs. at 80 lbs. 
air pressure. 10% 
allowed for friction loss 


Nominal inside 
diameter of 
hoist in ins. 


: ! ae ei pressure. A useful modification of the formula is the following: 
6 2,050 1.22 V =.628h+16.0r? 

7 2,791 1.73 

} 

8 3,616 2.24 WS 

103 mt F< 
a0 5,636 3-29 “SSS SESE RSERL 
I2 8,154 5.06 
I4 11,270 7-13 
17 16,500 10,10 
19 20,900 12.50 


The consumption of compressed air by direct-acting steam pumps 
may be determined from the formula: 


h 
V =a (.0307 XR +.799) 
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Every Alternate Ring on Outside of Red Brass 


17 Inside Rings t 2 lbs, Genuine Babbitt 
8 Outside Rings 1 1b, Lead 
9 Outside Rings Red Brass 


Fic. 21.—Haight’s packing for high-pressure air plungers, 
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in which V=volume of air measured at atmospheric pressure re- The Air-lift Pump 
quired to pump roo gals. of water, cu. ft. 
The formulas have been verified by tests on compressors driving 
pumps exclusively. 
The discharge of air through orifices is given in Table to. 


The air lift pump of Dr. E. S. Pohlé, a remarkable invention in 
point of simplicity and effectiveness, is shown in its original form 
in Fig. 22. Other forms are used, including that of Fig. 23, by the 
Ingersoll-Rand Co. Whatever the arrangement, the principle is the 
same. ‘The water pipe is well submerged and, air of adequate pres- 
sure being admitted, it rises in the pipe and forms a mixture of air 
and water which being lighter than the surrounding water rises and, 
if the depth of submergence be sufficient, overflows at the outlet. 
Numerous installations exist in which water is raised from 600 to 
1200 ft. 

The theory of the pump is obscure, but the following formula by 
E. A. Rix and the Ingersoll-Rand Co. gives the volume of air 
required: 


h 
V ss eS ee 
C log H +34 
34 
in which V =air piston displacement cu. ft. (ordinary volumetric 
efficiency assumed) per gal. of water 
h =vertical lift, ft., 
H =submergence of water pipe, ft., 
C =a constant from Table rr. 


SSSSSSS-_ &&[SSSS&SEBNB_! 


It must be borne in mind that the working water level, when 
pumping from wells, is commonly below the standing level and by 
an amount that cannot usually be known in advance. It is hence 


Fic. 22. Fic. 23. Fic. 24. Fic. 25. customary to assume certain conditions of lift and submergence 
Fics. 22 and 23.—The air Fics. 24 and 25.—Air lift pumps based on experience and pipe the wells accordingly. After the pip- 
lift pump. tested by Mr. Kelly. ing is installed and working conditions arrived at, the submergence 


TABLE 10.—DISCHARGE OF COMPRESSED AIR THROUGH ORIFICES 


By The Ingersoll-Rand Company 


Receiver gage pres- Diameter of orifice, ins. 


sure, Ibs. per & | & | ow | 3 r+ | 3 ee: ees ee: ore 
sq. in. Discharge, cu. ft. of free air per min. : 
a .038 ayes 647 BeAas On 74) 12e2051, 30 6r 87.60] 119.50] 156 242 350 625 
5 -G507 -242 .965 3.86 15.40| 34.60} 61.60} 96.50) 133 189 247 384 550 | 985 
Io 0842 - 342 .136 5.45 21.8 49 87 136 196 267 350 543 #86. ota : 
15 . 103 SATS | 2.07 6.65 26.70) 60 107 167 240 3206 427 665 O60 Manne 
20 . 119 ,AS5 el 03 Hoth 30.8 69 123 193 277 378 404 770 ’ 
25 1533 -54 2.16 8.6 Baas Wii 138 2106 310 422 550 800" | ernes Seats 
30 .156 .632-| 2.52 Io 40 90 161 252 362 493 645 TOOOME eer ae 
35 2a /e) ype 2.80 ni 44.7 | I00 179 280 400 550 yi Ween cee alllme cress Vapesas 
40 Lats) Pot B07 eo ori 49.09] 110.45] 196.35] 306.80] 441.79] 601.32] 785.40]....... oe ae = ie 
45 . 208 .843 | 3.36 13.4 eyes) || sated 215 336 482 658 860 Be acs 
50 SPE, .914 | 3.64 I4.50 Son2 || 230 232 364 522 710 OS Oee= eer ore ave ata le ished ore 
60 . 26 BPO 5 4.2 16.8 67 I51 268 420 604 622 Oe lu aeerue 
70 -205 1.19 4.76 19 76 171 304 476 685 930 ae ae 
80 33 ios ee: PER) 85 Igor 340 532 765 1004 SP sae ne Malt etsuaueasuell Stectregete beeen 
go - 364 I.47 5.87 23.50 04. 211 376 587 843 psa eer gift Becca LOR Money | eye ateeneee 
| 
I0o -40 1.61 6.45 25.8 103 231 A412 645 025) =|) 
125 .486 1.97 7.85 31.4 I25 282 502 785 
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TABLE 11.— VALUES OF CIN FORMULA FOR AIR-LIFT Pumps. PROPER 
SUBMERGENCE ASSUMED 
h=Lit. Cc 
TS) Tin (WD Gey ai WNAMEME, on ca omonsobonno0a04.s 245 
(Me ite, TO) Hels) tue, WCE KKes ane nononacbuoucopone 233 
SYST We THON teevall ne cache reacts CIA oreo Teo oats oto eos 216 
Oi Wits THO) OG RT SS. 5 So-5.4 ate wooed O Saves, cae SBOE 185 
(TE Tks, (Wo) Gite) With SUMAN 35 050 ad4n on ob on cous 156 


is altered to suit by raising or lowering the pipe until the best rates 
are established. : 

The necessary percentage of submergence varies with the lift. 
ing by percentage of submergence the percentage of the total length 
of pipe submerged when pumping, the range, according to the In- 
gersoll-Rand Co., is as follows: 


Honiarliitroinoit merrier ees ace cers OOLDenicent, 
OL aclift.OleSOOMl te. wre ecys. chen oes ie tvs 41 per cent. 


The average best percentage in the class of work usually encoun- 
tered will lie between 50 and 65 per cent. 

The air pressure required does not depend upon the lift 4 but upon 
the submergence H and is greater when the pump is being started 
than when at work, because the submergence is greater with the water 
at the standing level. The starting pressure must slightly exceed 
the pressure due to the submergence or, say: 


Mean- 


starting pressure=.44 H 
the pressure being in lbs. per sq. in. and the submergence in ft. 
The working pressure is equal to the working submergence multi- 
plied by the same constant, but, as has been said, the working sub- 
mergence is frequently unknown in advance. 


Per Cent 
oo 
Ss 


0 
12 14 16 8 20 22) 24 26 28 30 32 
Revolutions of Compressor, per Minute 


20 22 24 26 28 30 32 


It is important that the pipes be proportioned to the flow, because 
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with too large a pipe the air rises through the water without doing 
all the work it should, while, with too small a pipe, the results are 
undue friction loss and inefficient expansion of the air bubbles. 
According to the Ingersoll-Rand Co., the proper dimensions and 
capacities of the arrangement shown in Fig. 22, which is the most 
economical and should be used when the well is sufficiently large, 


are as given in Table 


I2. 


TABLE 12.—DIMENSIONS AND CAPACITIES OF AIR-LIFT PUMPS OF 
THE TYPE SHOWN IN FIG. 22 


| Maximum econom- 
) ical capacity on 


Air pipe, ins. Water pipe, ins. Size of well, ins.| mbdexate lift, gale 
/ per min. 
4 I ) 3 7 
3 14 4 20 
I 2 43 35 
I 24 5 60 
1} 3 6 go 
| 
1} 32 | 7 120 
14 4 8 160 
1} | 5 9 250 
2 | 6 be) 350 


In case of necessity these capacities can be increased 20 to 40 per 
cent. but at a decreased efficiency. 
The arrangement shown in Fig. 23 is used to obtain the greatest 
possible output from a given size of well casing. It is not always 


34 «36 
Revolutions of Compressor, per Minute 


38 40 


4 Volume of Air used Per|Cubic Foot 
L ie of Water Raised 
SS ~» 
5 Oo 
2 & 
° ot 
3 3 
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Cubic Feet 
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Fic. 27. 
Fics. 26 to 28.—Results of air lift pump tests by Mr, Kelly. 
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COMPRESSED AIR 


as economical as the arrangement shown in Fig. 22 but may be used 
when the well is very strong and a great deal of water is wanted from 
a few wells. According to the Ingersoll-Rand Co., the proper size 
of air pipe for the different sized casings and the capacities to be 
expected are about as given in Table 13. 


TABLE 13.—DIMENSIONS AND CAPACITIES OF ArIR-LIFT PuMPS OF 
THE TYPE SHOWN IN Fic. 23 


Casing, ins. | Air pipe, ins. Capacity, gals. per min. 
33 it 80 to 100 
4 13 Ioo to 150 
5 2 I50 to 250 
6 2 275 COM 75 
8 2h 500 to 650 
Io 24 775 to 1000 


The efficiency of the air-lift pump is not high, but for many uses 
this is more than offset by its remarkable simplicity and consequent 
freedom from derangement and by its capacity to deliver all the 


water a well will supply—a capacity which is shared by no other 
deep-well pump. 
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The most complete set of test data known to the author are those of 
James Ketty (Proc. I. C. E. 1906). Two arrangements, shown in 
Figs. 24 and 25 were tested, the dimensions of the pumps being given 
in Table 14, while the results are g!ven in Figs. 26, 27 and 28. When 
consulting these data it should be remembered that the water was 
measured in British gallons. The figures for efficiency give the ratio 
of the work done in raising water to the work indicated in the air 
cylinders of the compressor. The compressor used was a compound 
Ingersoll-Rand having air cylinders of 28} and 16{ in. diameter by 
24-in. stroke. 


TaBLE 14.—DImMENSIONS OF Arr-LIrtT Pumps TESTED 
BY Mr. KELLy 


Effection 


A Depth of | Distance 
Number | Depth Diam- Aves oe area of air- P 
pat ft q coe delivery, eatetes delivery, from 
ares : Ce COA a sqyine ee ft: comp. ft. 
ins. 
38 350 I2 19.63 18.75 339-5 600 
39 350 12 12.56 16.2 347.0 820 
40 350 I2 12.56 3.1416 326.5 5400 
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mechanisms, of which about the only successful example is the dif- 
ferential pulley block. The exception of this construction to the 
general law-is apparently due to the fact that the bearings subject 
to the combined heavy loads and high speed are of a type which per- 
mits them to be made large enough for the service. 


The mechanical advantage or increase of force due to the ““me- 
chanical powers’’—lever, pulley, wheel and axle, inclined plane, 
wedge and screw—whether used singly or in combination, is the in- 
verse ratio of the velocity of the applied force (power) and of the 
resisting force (weight). To determine the mechanical advantage 


it s only necessary to determine the velocities at the beginning and Taste ¢-—Hercurs of Faun Doe x0 Versceee 
i in of mechanism, when: : 
ending of the train o 3 es Sar From Clark’s Manual of Rules, Tables and Data 
poe = Mu oe: pereget This table gives also the heads necessary to produce given spouting velocities 
weight velocity of power of water—the column for height being read as head. 
Such calculations assume ideal conditions, of course, that is, they Velocity, | rene. |Velocitys| sreiene, | Velocity.| ae: ght Velocity.) pros ont 
ignore the losses due to friction. ft. per es | ft. per | od : | ft. per nage << * Pe " 
Differential mechanisms are seldom successful because of a feature sec. i sec. sec. sec. 
that is commonly overlooked. This feature was first pointed out +25 -0010| 19 5-61 46 32-9 73 82.7 
by Gro. B. Grant, (Amer. Mach., Sept. 10, 1895). Mr. Grant oe pose! 20 ee - ae 74 = 
a . : A : . 21 : a % 
discussed differential gearing only, but the cause of failure of such : oe ao a 9 pe a e pid sa . 
gearing appears to be general and to operate against the success of 1.25 024 23 8.21 50 38.8 . 8s 112.2 
most applications of the differential principle. The cause of failure 
of differential gears, as pointed out by Mr. Grant, is that the teeth au +035 24 8.94 es as a 125.8 
* ae ‘ ‘ 1.75 048 25 9.71 52 42 95 140.1 
erate under a combination of the heavy pressure of the driven gear Sha a Pepe: es saa it anil 
. . . . . . . i iz 2 x 
and the high speed of the driving gear, this combination leading to 2.5 097 27 rx.5, Psa 45-3 | 105 171.2 
destructive wear and to such low efficiency that the mechanical ad- 3 -140 28 12.1 55 47 | xr 187.9 
vantage for which differential mechanisms are usually designed is | 
moatealized: ay oe = au 56 48.7 115 a 
P 3 E . , 57 50.4 120 223. 
If the reader will reflect a moment he will see that this combina- rine .314| 31 14.9 58 62.2 130 6a 4 
tion of heavy pressure and high speed is common to all differential 5 -388 32 15-9 59 54.1 140 304.3 
6 -559 33 16.9 60 55-9 150 z 
TABLE 1.—VELOcITIES DuE To HeEicHTs oF FALL i pte 
From Clark’s Manual of Rules, Tables and Data 7 -761 34 17-9 61 57-8 175 475-5 
This table gives also the spouting velocities of water—the column for height, : “994 35 3 62 59-7 — 621 
being read as head. 9 1.26 36 20.1 63 61.6 300 1397 
bas) I.55 37 ai .3: |) G66 63.6 400 2484 
EMER Nicce|.-. ; é ; 
eahe Velocity Height, Velocity, Height, Velocity, Height, Velocity II I.88 38 22.4 65 65.6 500 3882 
ft. ft. per ft ft. per ft ft. per ft ft. per 
sec. sec. sec. 4 sec. 12 2.24 39 23.6 66 67.6 600 5800 
.OL .803 3 I3.90 23 38.49 50 56.74 3 2.62 40 24.9 7 69.7 700 7600 
.02 I.I4 B a8 I5.01 24 39.31 100 80.25 14 3.04 41 26.1 | 68 71.8 800 9938 
+03 r.30 4 16.05 25 40.12 I50 98.28 1S 3-49 42 27.4 69 73-9 900 12578 
04 1.61 4.5 17.03 26 40.92 200 | 113.5 16 3.98 43 28.7 70 76.1 | 1000 | r5528 
+05 1.80 5 17.99 27 41.70 300 139 
17 / 4.49 44 | 30.1 7 78.3 
-06 1.07 Boks 18.82 28 42.47 400 160.5 18 5-03 45 | 31.4 7 80.5 | 
-07 QE? 6 19.66 29 43.22 500 179.9 = 
-08 2.27 6.5 20.46 30 43-95 600 | 106.6 TABLE 3.— S ; J 
on che i oe — nae = bev Reh 8 9 eo Rasy is VeELocities Dur to Time 
- a aan aoe a ee teat atts ark’s Manual of Rules, Tables and Data 
Time, Height, | Velocity, | i . y . 
+2 3.20 8 22.60 33 46.10 900 2 sec ft ; ie Time, Height, | Velocity, 
; 40.7 . L : ft. per sec. sec. ft. | ft. per sec. 
3 4.40 8.5 23.40 34. 46.79 | 1000 | 253.8 I 16.1 an Sa al 17 6 
4 5.07 9 24.07 35 47-47 I500 310.8 2 64.4 6a 4 1 3 4, - $47.4 
5 5.68 9.5 24.73 36 48.15 2000 358.9 q : 5,217 579.6 
-6 6.22 10 25.38 37 48.81 2500 0 pane e 96.6 19 5,812 611.8 
F 5 401.2 4 257.6 128.8 | 20 1 6,440 644 
Wf 6.71 II 26.62 38 49 
-47 | 3000 | 430.5 
.8 7.18 | 12 27.80 39 50.11 | 3500 | 474.7 : 402.5 161 21 7,100 676.2 
9 6 . 579.6 193.2 22 
E 7.61 | 13 28.03 40 50.75 | 4000 | 507.5 ; 788.0 a 7,792 708.4 
Te SrO3mi etA 30.03 AI 51.38 | 4500 | 538.3 : ae, oe 23 8,517 740.6 
Ts 8.79 15 31.08 42 52.01 5000 | 567.4 S7- 24 9,273 772.8 
; ; 9 130 80. . 
as pe 16 32.10 43 52.62 6000 | 621.6 10 ic ae : | cea oe 
a" 15 17 33.00 44 53.23 7000 | 671.4 Ir 1948 2 10,884 837.2 
ee 10.77 18 34.05 45 53.83 8000 ey RS 12 2318 cand se pais 869.4 
yee oe 19 34.98 46 54.43 9000 761.3 390.4 28 12,622 901.6 
: +04 20 35.80 47 55.02 | T0000 802.5 13 2721 418.6 
14 3156 ; wid 13,540 033.8 
2.50 12.69 2I 36.77 48 55.60 5 450.8 30 14,490 066 
2.75 13.31 | 22 6 wy 3623 483 I > 
37-64 49 56.17 r6 area 3 £5,473 998.2 


515.2 32 16,487 1030 
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4 The thrust of a toggle joint may be determined Se nteally as in Figs. Tf the joint has equal arms this becomes 
I and 2, the force F being applied at A, Fig. 1, and the thrust at B PF 
morc, [Ra 
.; 2 tan @ 
; In the diagram, Fig. 2, make the perpendicular PQ of such length , , é 
as to represent the mopliod force F and draw PR parallel to AC and The laws of falling bodies, starting from a state of rest, are ex- 
QR parallel to AB. The lengths of PR and QR will then represent Pressed by the equations: 
as ; V= 32.2 ¢ 
=V/ 64.4 h 
: =8 \/ h nearly 
a R 
: L—=T6Nler 
yaa 
, 32,2 
4 i eG FIG, 2. go pl da 
z Fics. 1 and 2.—Forces in a toggle joint. i 
z =t{V h nearly 
S the stresses in the links AC and AB, respectively, while the horizontal jn which »v=acquired velocity, ft. per sec., 
3 SR represents the thrust. t=time of fall, sec., 
Trigonometrically we have: h=height of fall, ft. 
3 pa peee es B These relations of velocity, height and time are tabulated in Tables 
; = sin ¢ my 2handas. 
; 15 A 
E 14 rt 
FEEPEEEEE | 
18 
zz : EH ap 
- . 12 q H i 
11 HH 
i z mt t F i Fe 
2 10 HH H 
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nm 
3 8 t 
ES H 
y § 8 t n ia 
ry EET eet ; 
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Ft t ry i rt HA EH 
| 6 T T a) TI | ct 
ea i} 4 EEEEE 
ny HEEEEH EH H LH t 
~~ Be : 
3° eae 
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Revolutions per Minute 
to the curve and then to the left and multiply the quantity found by the diameter, ins. and by the 
weight, Ibs. 
Fic. 4.—Centrifugal force, 


Trace vertically from r.p.m. 


30 


eo t—t 
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The laws of motion of bodies acted upon by uniform accelerating 
forces are expressed by the equations: 


a 
22 = U1 $32.26 


IP 
S=1l+16.160 


i ich 22=final velocity, ft. per sec. rn 
a ea Velocity: if any, ft. per sec. (if the body starts 
from rest 7;=0) , 2 
P=force acting, lbs., 
G=weight of body, lbs., 
t=time during which force acts, sec., 
S=space passed through, ft. 
If the force is a retarding force these become: 


2=1— 32.258 


P 2 
S=nb—16.168 


Fic. 3.—Graphical solution of problems in accelerated motion. 


Problems involving the laws of uniformly accelerated motion, as 
falling bodies, may be solved by drawing a diagram similar to Fig. 3. 
On the vertical line AY lay off equal distances representing seconds, 
AB being unity. Make BC equal to the acceleration—32.2 ft. per 
sec. for gravity—and draw AX. Then, after five seconds, for 
example, LF =velocity, area ALF= the distance traversed and area 
LFEN = distance traversed during the last second. 

If the acceleration is not uniform and its law is known, AX may 
be drawn to represent it, the construction being otherwise the same. 
The energy stored in moving bodies is expressed by the equation: 
GE 

~ 64.4 
in which E=stored energy, ft. lbs., 
G= weight of body, lbs., 
v=velocity of body, ft. per sec. 

The additional energy stored by an increase of velocity of a moving 

body is expressed by the equation: 


=—— Ch ah) 
E oe V1 ) 


in which E=energy stored by the increase of velocity, ft.-lbs., 
G=weight of body, lbs, 
21 =initial velocity of body, ft. per sec., 
%2=final velocity of body, ft. per sec. 

The energy given out by a reduction of velocity of a moving bod y 
is expressed by the same equation with the notation of V1 and v9 
inverted. 

The centrifugal force of revolving bodies is expressed by the equation: 

P= .0003399n°Gr 
in which P =centrifugal force, lbs., 
n=revolutions per minute., 
G=weight of body, lbs., 
r=radius of gyration or with sufficient accuracy for most 
purposes radius of the center of gravity of the body, ft. 
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Calculations of centrifugal force may be abridged by the use of 
Fig. 4, by N. J. Hopxins (Amer. Mach., Feb. 10, 1898). 


For the stress in a revolving ring due to centrifugal force, see 


Fly-wheel. : } 

The center of gravity of many plane figures is obvious at a glance, 
being the same as the center of area. Following are formulas for 
some other figures of common occurrence, the point c being the center 


of gravity in all cases. 


2 _____ chord X radius 
OE Circular arc: o¢c= a 
Sc mcae Pe Simicircle: oc = .6366 X radius. 
ba’ For tabulated lengths of circular arcs, see 
if Circular Arcs. 

b Triangular area: Bisect two sides and con- 
nect the dvisioin points with the opposite 
angles. The intersection ¢ is the center of 
gravity. Dropping a perpendicular ca to any 

@a side ca=4 Xaltitude be. 

A Any quadrilateral: Draw the diagonals ab, 
de; bisect ab at f; make eg=di; join f and 
g and divide fg into three equal parts; ¢ is the 
center of gravity. 
a 'd 
Circular sector: oc = XO radius. 
Semicircle: oc=.4244 Xradius. 
Quadrant: oc =.6002 X radius. 
For tabulated lengths of circular arcs see Cir- 
r cular Arcs. 
LDS chord? 
ve Circular segment: Oe asraee 
he Fs For tabulated areas of segments see Areas of 
vA Circular Segments. 
oO 


A portion of a circular ring 
, (T13—rs3 outer arc 


ri?—r2?/} “* outer chord 


ae 
AV For tabulated lengths of circular arcs, see Cir- 
o cular Arcs. 
Circular crescent oc 
in which A=area of segment bounded by arc 
of smaller radius and common 
Lae chord, 

: ae A,=area of segment bounded by arc 
ie ee of larger radius and common 
4 iJ chord, 
itr A2=area of crescent=4A—A, 

Ly a=distance between centers of the 

two arcs. 


For tabulated values of areas of segments, 
see Areas of Circular Segments. 


The center of gravity of irregular figures may be found experimentally 
by the method shown in Fig. 5 as follows: 

Trace the figure upon heavy paper or card-board and cut it out. 
Suspend the figure thus made from a pin placed near the edge of the 
figure at A, allowing it to hang freely in a vertical plane. Suspend 
a plumb-line from the pin and draw upon the figure a line coincident 
with the position of this plumb-line. Suspend the figure from another 
point B and find a similar line. Where the two lines intersect is the 
center of gravity of the surface. 

The center of gravity of irregular figures may be found graphically 


by the method shown in Fig. 6 by F. H. Humaer (Proc. Brit. C. & 
M. E. S., 1900), 


a 
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The problem usually takes the form of finding a line in a given 
direction passing through the center of gravity of a given section. 
Let the direction be OY. Draw a line OY in this direction and touch- 
ing the base of the figure. If the figure is curved at the bottom the 
line OY must be a tangent at the lowest point of the figure. Next 
draw an axis OX at right angles to this. In most practical problems 
the section will be symmetrical, and in this case the line OX is 
naturally taken along the axis of symmetry, and the construction 


Fic. 6.—The center of gravity of irregular figures. 


has then to be made for one-half of the figure only; if it is not sym- 
metrical the axis OX can be drawn in any convenient position, and 
the following construction must be applied to each side of the figure. 
Draw a line WN parallel to OY about half-way up the figure, and at 
some even distance d from OY. 

Next draw a series of lines PR parallel to OY. In straight parts 
of the section, such as the web in the figure, these can be wide apart, 
but where the section changes rapidly, they must be drawn closer 
together in order that the final curve may be quite definite. At the 
point P, where one of these lines cuts the section, draw a line PQ 
parallel to OX, intersecting MN at Q. Join O and Q and produce tc 
R on the line PR originally drawn. A is a point on the curve we are 
finding. Repeat this for each of the series of lines and connect 
points R so found by a curve (dotted in the figure). 

Then if the area of the original figure, most conveniently found by 
a planimeter, equals A, and the area of the new dotted figure equals 
G, the distance of the center of gravity from OY along OX is 


G 
wom Ge 


If OX is not an axis of symmetry the area G must be taken as the 
sum of the areas of the new curves obtained for both sides, and A 
must be the area of the entire section. 

The moments of inertia of irregular sections may be obtained from 
Fig. 7 by O. A. Terry (Amer. Mach., Aug. 15, 1907). 

The chart can be used in computing the moments of inertia of 
simple sections by dividing them into rectangles and computing each 
one separately. For more complicated sections, irregular in shape, 
divide into a number of equivalent rectangles and compute each one 
separately. The curve of the chart has been constructed to represent 
the formula for the moment of inertia of a rectangle about its side: 


7b 
3 
in which J=moment of inertia, 
b=breadth, 
h=height. 


Fic, 11. 


” 


Fics. 8 to 12.—Illustrations of the use of the chart for computing 
moments of inertia. 


In the chart the rectangle has been considered of unit width, or 
tin. The hight above the axis OX, Fig. 8, is measured on the left- 
hand vertical scale and varies from 3g in. to 6 ins. The horizontal 
scale gives the value of J for each 3-in. increasein the height of the 
unit section. ‘The curve has been drawn in steps in order to make 
the horizontal or J values more definite. Should the vertical dimen- 
sions of a section run into sixty-fourths of an in., a middle point 
between the values for thirty-seconds can easily be read off on the 
curve. 

As the values of I for the unit section become very small below 
t in. height, the curve is enlarged ro times for vertical dimensions 
between x in. and 3 in., and too times for such dimensions below 
1 in. in order to give accurate results. For large sections, where the 
distance from the neutral axis to the extreme fiber exceeds 6 ins., 
but is less than 12 ins., the chart may be used with following modifi- 
cations: Divide all height dimensions of the section to be figured by 
2. Calculate the moment of inertia from the chart, write these new 
dimensions and multiply the result by 8, which will give J for the 
original section. 
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? 
A few examples will best show the method of using the chart and Sa 475 (49.99—34.33)-+-5 34-33 =92-55« 
the advantage it has over formulas in the saving of time. 


For the section, Fig. 8: 
From the chart for 335; ins. on the vertical scale the corresponding For the section, Fig. 11: 


value on the horizontal scale is 12.11. I =1.625 (.92-+.0135) +1.625 (.248 —.0135) =.964. 
Then J=2.5X12.11=30.27. For the section, Fig. 12: 
For the section, Fig. 9: I : 
Ti ~=1(.248—.082)-+2(.248—.123) +(.248—-.0415) + 
== 1.875% 2:07 =5- 2 
“ (.248—.0345) +(.107 —.0175) +(.082—.0052)+.059-+ 


Se), .0314-++.0224. 
I=.2788. 


[=183.1. 


For the section, Fig. ro: 
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Fic. 7—Moments of inertia of irregular figures. 


MECHANICS 


Another graphical method of finding the movements of inertia of 
irregular figures is shown in Fig. 13, by F. H. Humuet (Proc. Brit. 
C. & M. E. S., 1900). 

OY is the axis about which the moment of inertia is required, and 
XOX; is a line at right angles, if possible an axis of symmetry for 
the same reason as in the construction of Fig. 6. Above and below 
-OY twolines, AB and CD are drawn parallel to it and situated at some 
exact distance d from it. The axis OY usually divides the length of 
the section KL unequally, and about the best value for d is the length 
of the shorter of these segments OK in the figure. These lines AB 
and CD may or may not cut the section. Next draw a series of lines 
JG parallel to OY across the section, and in each case set off CE=OJ. 
Join EF, and produce if necessary to cut CD in H. Join H to O, 
cutting JGinG. (In this case OH is produced.) Then G is a point 
on the required curve. 

Repeat this for each of the lines drawn across the section for lines 
below OY using the lower parallel 4B, and join all the points so 
_ found by a curve (dotted in the figure). 

Let the total area of this dotted curve=A; then moment of inertia 
of section about OY = Ad?. 

The areas of irregular figures may be found with sufficient accuracy 
for many purposes by the method shown in Figs. 14 and 15, by 
F. Howxtn’s (Amer. Mach., Nov. 14, 1905). 

To find the area of the figure shown in Fig. 14, make a tracing on 
thin paper and fold it along the line 2—2, adjusting it so that the 
areas on each side balance one another, the position when folded 
being shown in Fig. 15, in which, as nearly as may be, area a=area b. 
Next open the tracing and fold it along the line 3—3, again adjusting 
it so that the excess and deficiency areas of the lower half balance 
one another, the result being that each section of the lower half rep- 
resents one quarter of the original area and it only remains to find 
the area of one of these sections and multiply it by four to obtain 
the total area. This can readily be done by adopting the same prin- 
ciple and folding the paper on the line 4—4, making area c=area 
d+e and giving the equivalent triangle. 

In the example given the two sides of the triangle measure respec- 
tively 1.85 and 1.30 ins. Instead of multiplying the area of this 
triangle by four we multiply the two dimensions together and then 
multiply by two, which will, of course, give the same result: 


1.85 X1I.30= 2.4050 
2.4050+2 =4.81 
’ =area of original figure. 


The areas of irregular figures may be found by Simpson’s rule 
which, considering its simplicity and accuracy, deserves to be more 
widely used than is the case. The ruleis thus expressed by ANTONIO 
Lrano (Amer. Mach., March. 4, 1909): 

Divide the base into an even number of equal parts, and determine 
the ordinates at the points of division. Form the sum of the end 
ordinates, four times the intermediate even ordinates, and twice the 
intermediate odd ordinates. Multiply this sum by one-third the 
distance between two consecutive ordinates. The result will be the 
required area. 

The indicator card, Fig. 16, will serve as an illustration of the use 
of the rule. The length, 3.5 ins., has been divided into 14 equal 
parts and the intercepted or enclosed ordinates, when measured, 
have been found to have the lengths (ins.) marked in the figure, 
the value of the right-hand end ordinate being zero. The bredth 


of each space is therefore = and one-third of this, as called for by 
3-5 
3X14" 


SF [.o-+0.+4(1.40+1.61+1.46+.97+.69+.50+.32) +2 (1.59+ 


1.52-+1.20+.81+.59+.40)) ]= 


the rule, is The area of the figure is therefore: 


3-5 
gx 1409 F4X6.95-+2X 6.22) 
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aes 
3X14 
= 3.409 sq. ins, 
The mean ordinate is equal to this area divided by the length of the 
diagram, that is: 


X 40.92 


3-409 
3-5 


=.974 in. 


2 
rd 
oe 
Fic. 14 Fic, 15 
Fics. 14 and 15.—The area of irregular figures. 
8 
| 
| 
| 
| | 
XxX, 1. ly 
jo 2 38 4 5 6 7 8,9 10 2 BM |D 
= ue 3i¢ oma 
Fic. 16.—Simpson’s rule applied to finding the area of indicator 
cards, 


Since in the above we have multiplied the value of the quantity 
within the parenthesis, 40.92, by 3.5 when getting the area, only to 
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divide by it again in getting the mean ordinate, we may omit both measurement, to measure every ordinate separately. The best way 
to proceed is to mark on the edge of a long piece of paper, in succes- 


multiplication and division and find the mean ordinate thus: 
40.92 ; sion, all the even ordinates, then measure the distance between 
3X14 04 i oe first and the last mark, and multiply the result by 4. Similarly 
If the scale of the indicator spring is 30 lbs. per in., the mean _ for the first and last ordinate, and for the odd ordinates. 
pressure is .974 X30= 29.22 lbs. per sq. in. A more common method of finding the areas of indicator cards is to 
divide the card into strips (usually 10) as with Simpson’s rule,- 


In the practical application of the rule, it is neither convenient nor 


accurate, when the ordinates have to be determined by actual estimate the mean ordinates by the eye, add these mean ordinates 


FIG. 20. 
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Fics. 17 to 22.—Wiener’s method of finding the area of irregular figures, 
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MECHANICS 


_by a strip. of paper as described, and divide the sum by 10. The 
most accurate method of locating the mean ordinate is to lay a thread 
horizontally across the top of each strip, equalizing the triangular 
areas between thread and curve and thus locating the mean 
ordinate. 

A. E. Wiener’s graphical method of finding the areas of irregular 
figures, which when published (Amer.. Mach., May 19, 1898) was 
received with the warmest expressions of approval, is illustrated in 
Figs. 17-22. The complete explanation in connection with Fig. 17 
leads to a multiplicity of lines and to an apparent complexity 
which is apparent only. The real simplicity of the method will be 
apparent from a glance at Figs. 18 and 19 which include all the lines 
drawn in actual applications. 

A horizontal line AB, Fig. 17, is drawn at a convenient distance 

- from the area to be measured, and a vertical line CD is placed at 

such a point as to approximately bisect that area (this is not to say 

that the line CD shall be about half way between the ends of the 
given figure, but that it shall divide it into two parts of nearly equal 
contents). Next a number of vertical lines are laid across the figure, 
close together in regions where the width of the figure undergoes 
rapid changes, and farther apart where it varies but gradually. At 
the right of CD these lines are drawn from the horizontal AB upward, 
while on the left hand they are extended some distance below it. 

The width CD is then laid off from o (the point of intersection of 

CD with AB) to both the right and the left, giving two points o’ 

upon AB, for both of which the condition 00’=CD is fulfilled. For 

all ordinates at the right-hand side of CD, the respective widths of 
the irregular figure are similarly laid off on AB to the right, and for 
the ordinates on the left hand of CD they are swung over to the left; 
thus, for instance, 11'=EF; 99’=GH, etc. In this manner the 
points, 1’, 2’, 3’... . . . 15’ upon AB are obtained. With o’ as 

center, an arc is drawn from o to half-way between ordinates o and 1; 

this arc is continued with 1’ as center to midway between ordinates 

i and 2, at which point the center is again changed to 3’, and so on 

to the last ordinate 8, when the point (8) is obtained, the length 8, 

(8) being the end value marked Z. The latter is combined with the 

other end value 15, (15) marked Z; constructed in the same manner, 

into a right-angled triangle (8), 8, M@. From M a line is drawn at an 
angle of 45 deg. with AB, and MK made equal to M (8). The areaof 
the square KLM WN thus found, having sides of 133 ins. length, is 

2.54 sq. ins., while the given plane, accurately measured by means 
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of a planimeter, was found to contain 2.55 sq. ins., these figures for 
the planimeter being the average of 5 careful measurements. The 
result obtained by the graphical method, consequently, differs from 
the actual area by an amount of only 4-10 of 1 per cent., and could 
have been approached still closer if a greater number of ordinates had 
been taken. 

While Fig. 17 has all the construction-lines dotted in for sake of 
explanation, in practice neither the quadrants determining the 
centers 1’, 2’, etc., nor the radii of the arcs forming the auxilliary 
curve need be shown, all that is necessary being to draw the ordinates, 
mark off the corresponding centers by means of a pair of dividers, and 
by the use of a compass find directly the lengths of the end ordinates, 
the geometrical mean of which (found by transforming the right- 
angled triangle having the end-values as sides into an isosceles right- 
angled triangle having the same hypothenuse) is the side of the 
required square. 

In Figs. 18 and 19 two examples are executed in this manner, 
showing more strikingly the simplicity of the method. In Fig. 18 
the horizontal axis cuts across the given figure, being placed through 
the point in which the bisecting ordinate leaves the figure; and in 
Fig. 19 advantage is taken of the shape of the area, and the axis 
placed in one of its boundaries. Figs. 18 and 19 also show the differ- 
ence in effect of putting the bisecting ordinate to the right, or left, 
respectively, of its accurate position, in the former case the left-end 
value being greater than the right and the square found being some 
distance to the right of the given figure, while in the latter case the 
right-end value is greater than the left end, and the irregular figure 
is overlapped by its square of equal area. 

Trial diagrams composed of straight lines, semi-circles, and quad- 
rants which could be easily checked by calculation, as in Fig. 20, 
have been treated by this method with the result that the error 
seldom equals 4 per cent. ‘The error due to the displacement of the 
middle ordinate depends on the shape of the curve. Ifits height is 
uniform for some distance each side of the bisecting ordinate, as in 
Fig. 21, the error due to displacement of that ordinate is slight, 
whileif a large change in this height occurs at this point, as in Fig. 22, 
the error is greater. The error due to the displacement of the meet- 
ing points of the arcs also varies with circumstances. If these arcs 
meet at a considerable angle, the error due to displacement of the 
meeting point is considerable, but if the arcs are more nearly tangent, 
this error is less, 


STRENGTH OF MACHINE PARTS 


For the strength of shafts, see Shafts. 
For the strength of springs, see Springs. 


For the strength of steam boilers, see Steam Boilers. 


In a large percentage of cases the formulas for the strength of 
parts have but an indirect application in machine design. 


In the design of a bridge, a roof or a warehouse floor, the ability of 
the structure to carry the load is the chief requirement, and to insure 
that it shall do this with safety, even under accidental strains, a 
factor of safety is introduced; and although the name has been often 
criticised, it nevertheless represents with a fair degree of accuracy 
the state of the designer’s mind in making the calculations. 


In treatises on machine design the same term is used to express 
the ratio between the actual working strain and the strain which 
would produce rupture, although there is and can be no such con- 
cepcion in the machine designer’s mind in making the calculations. 
In such parts, for instance, as connecting-rod bolts, straps and keys, 
the stresses under the working loads will often be found to run down 
to 3000 lbs. per sq. in., while in engine frames the stresses seldom 
exceed 500 lbs., and will frequently run down to 300 lbs. per sq. in. 
With steel of 60,000 lbs. tensile strength, the figure for connecting- 
rod parts is equivalent to a factor of safety of 20, while for engine 
frames, cast-iron being assumed to have 20,000 Ibs. tensile strength, 
this goes up to 4o and 70 for the two stresses named. Now, it is 
certain that no designer of such parts has any conception of a factor 
of safety, as that term is commonly understood, in his mind when 
he proportions these parts for such stresses, and the term “factor 
of safety” in this connection is absurd. 


The purpose of the designer in introducing these low stresses is 
not to provide a surplus of strength for accidental stresses, but to 
provide such a degree of stiffness that the parts will not yield unduly 
under the regular loads of everyday work. He has, in fact, very 
little thought of strength in the sense of ability to resisit rupture, 
his whole thought being to make the structure so rigid that the de- 
flection under the working load shall be inappreciable, or at any 
rate so small as to do no harm. From this point of view the great 
surplus of strength is rational and understandable, while from the 
factor of safety standpoint it can not be defended. 


A strictly scientific method of machine design would base the 
dimensions on the formulas for deflection rather than on those for 
the ultimate strength of the parts. In using the formulas for strength 
as he does, the designer practically converts them, in a rough and 
ready way, into formulas for stiffness, which is but the reciprocal 
for deflection, and so far as methods go, this is probably as far as 
we shall ever get or as it is practicable to get in most cases. That 
the allowable deflections under any considerable number of the in- 


finite variety of conditions prevailing in machine construction will 
ever be determined is not to be expected. 


Beams 


The standard formulas for the strength of beams and for the usual 


section factors, as arranged by the Carnegie Steel Co. are given below: 
Let A =area of section, sq. ins., 


1=length of span, ins., 


TABLE 1.—STRENGTH OF THE CHIEF MATERIALS OF MACHINE 


CONSTRUCTION 
Ss é Elastic 
Modulus of elasticity Ultimate strength stranswily 
Material 5 ee ; 
Pension Torsion | Tension | Shear | P Shear 
compression sion 
Cast-iron (Cu- 10,700,000 | 4,000,000 16,000 marie 8,000! 8000 
pola). 15,000,000 | 6,000,000 20,000 20,000 
Cast=ir0n) \(Asr= 1h sien slow elena shots 30,000 I>. 52%. a= = m= 3 |~ nse 
furnace)... | december ees 40,000 Ts ono nes . ee ee 
Wrought-iron. . 28,000,000 |II,000,000 47,000 135,000 |... -.]. 2, oa 
57,000 | 43,000) [2052.40 ee 
Steel .15 carbon} 30,000,000 |11,800,000 60,000} 45,000 40,000|...... 
Steel .25 carbon} 30,000,000 |11,800,000 70,000 | 52,000 45,000]...... 
Crucible steel] 31,000,000 112,100,000 £00,000) oc.) 75,000) .. =e 
(high carbon). 
Steel castings..| 30,600,000 |11,800,000 50,000 | 30,000". ]. J ..2<5 |. soe 
100,000 [60,060 |..<-s «..)<2eeee 
Copper castings} 12,000,000 |.......... 22,000 Fo ioe soe 6,000]... 8. 
Copper, rolled. 6,000,600: |; once f 28,500 |.....---]..220s)--000, 
| saan fo. 5t eee 
Brass cast., yel. EX;400,;000 {5.05 «00000 « 22,000 |........ ) eee ee 
Brass cast., yel.,| 12,800,000 |.......... 28,500 oes Seen Meer 
red. ; 
Gun-metal..... 5,400,000". 2 a.com | 42,800); ....... [85.2 .hgessae 
Phosphor © “voll. :eskiecuee ae ee eee STOO. 25. 2AM 5 Se 
bronze. | 


The ultimate strength of cast-iron in compression is 90,000 to 
100,000 lbs. per sq. in. Its elastic strength in compression can be 
assumed as 25,000 lbs. per sq. in. The ultimate compressive 
strengths of the other materials can be taken as equal to their ulti- 
mate tensile strengths without appreciable error 


Lead 


TABLE 2.—SHRINKAGE OF CASTINGS 


Coppers). Jcntuvne Ure eoecee oo ee ae ane, eee 


W =load uniformly distributed, Ibs., 
M=bending moment, lbs. ins., 
h=height of cross-section, out to out, ins., 
n=distance of center of gravity of section, from top or 
from bottom, ins., 
f=stress, Ibs. per sq. in. in extreme fibers of beam, either 
top or bottom, according as » relates to distance from 

top or from bottom of section, 
D=maximum deflection, ins., 


IT=moment of inerti 


of gravity, 
Z’=moment of inertia of section, neutral axis parallel to 

above, but not through center of gravity, 
d=distance between these neutral axes, 
S=section modulus, 
r=radius of gyration, ins., 


E=modulus of elasticity, 
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for steel 30,000,000; 


-167 


- 2031 in. per ft, 


-1875 in. per ft. 
-1718 in. per ft, 
-0625 in. per ft. 
-I25 in. per ft. 


-100 in. per ft. 
-625 in. per ft. 


.083 in. per ft. 


in. per ft. 
in. per ft. 
-150 in. per ft. 
-1875 in. per ft. 


+004 


-1563 in. per ft. 
-3125 in. per ft. 
-3125 in. per ft. 


a of section, neutral axis through center 
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Wh 
Then: sa", r= 7 D=—3RT EI for beam fixed at one end and unsupported at 
the other and uniformly loaded, 
= Famer PI 
Deo ay EI for beam fixed at one end and unsupported at 
‘i "n= - ; other and loaded with a single load P at the latter end. 
8fl 8 
W =~ 57 _8Ss, , Explanation of Tables of Safe Loads for I-beams 
Win Wl Table 7 for I-beams gives the loads which a beam will carry safely 
8f 685 (distributed uniformly over its length) for the distances between 
Tie I Ad?, supports indicated. These loads include the weight of the beam, 
wh which must be deducted in order to arrive at the net load which the 
Da for beam supported at both ends and uniformly beam will carry. 
Sate d For beams of heavier sections than those calculated in the tables, 
? 


; a separate column of corrections is given for each size, stating the 

D= das for beam supported at both ends and loaded Proper increase of safe load for every additional pound in the weight 

48EI per foot of beam. The values given are based on a maximum fiber 
stress of 16,000 Ibs. per sq. in. 

It has been assumed in these tables that proper provision is made 

for preventing the compression flanges of the beams from deflecting 

sideways. They should be held in position at distances not exceed- 


with a single load P at middle, 


TABLE 3.—BENDING MOMENTS AND DEFLECTIONS OF BEAMS UNDER 
Various SysTEMS oF LOADING 


W =total load J=moment of inertia 
/=length of beam E=modulus of elasticity TABLE 4.—Moment oF Inert, J, AND SECTION Moputus, S, FOR 
(1) Beam fixed at one end and| (2) Beam fixed at one end and Usuat SECTIONS 
loaded at the other. uniformly loaded. For methods of finding moments of inertia of irregular section see Moment 
of Inertia, 
S—- ——— Sections ag & 
Safe load= 4 that given in tables.| Safeload = } that givenin tables. in bl ; : 
Maximum bending moment at; Maximum bending moment at i o) _ bh? ee 
4 o W =. a 12 
pont of support = Wt. point of support = —-. bead 
Maximum shear at point of sup-! 2 
port=W. | Maximum shear at point of sup- nbn 51 
? wi | port=W. } jae 
Deflection = 3ET ; Wh f : 3 
Deflection = 8 EI’ 
i Se) pee ; 
(3) Beam supported at both ends,| (4) Beam supported at both ends fs e h bha bh 
single load in the middle. and uniformly loaded. “EK \ at rat Min. ar 
ae . 5 le 
Safe load= 3 that given in tables.; Safe load=that given in tables. ea: aj if arr. 
Maximum bending moment at} Maximum bending moment at eb 
‘ Wi : Wi 
middle of pea middle of beam=~.-- a nd 
Maximum shear at points of sup-| Maximum shear at points of sup- ih, 1 Even a 
ort=3W. ort=3W. =.0491 d4 =.0982 d’. 
Pp 2 WE Pp a 
Deflection =7 grr ger” ag Fr eee 
' (5) Beam supported at both ends | (6) Beam supported at both ends : Na eae : _bhb'h's ae 
single unsymmetrical load. two symmetrical loads. NA RuAS 12 sh 
uw® Q4W = oe 
Je --C--N Mew ; 
5. - S a’ 
, ‘ \ (i & I =.0491 (d*-d’*) 0982 (1-5) 
; . . Ay 
Safe load=that given in tables| Safe load=that given in tables KS 
}2 l Bi 
x Bab Xia ; . Teh b'n3+-bn’3-(b-b’) a3 ’ 7 
Maximum bending moment under| Maximum bending moment be- +4 ane == ae Min. = 
Wab tween loads= 4Wa. sf Mss Hest : 
ee | Maximum shear between load aa gs | 
Maximum shears; at support near! and nearer ees 1. esp ; bh3-2b"h’3 I 
a a : oN st — — 
a=W, at other support =] "| Max. deflec.= si forbs ie ae x Wh 12 | Sh 
2 cay ae ane | 
Max. _ Wab(2l—a) \/4a(2!—a) —— — — —- — 
= xx denotes position of neutral axis. 


deflec. 3 gEIl 


474 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


TaBLE 5.—MoMENTS OF INERTIA OF RECTANGLES. 


Neutral 


Axis 


Width of rectangle in ins. 


Depth 
oe oleae a oe eat: be | a ts t 
6 4.50 O38 6.75 7.88 9.00 70.23 ee 
if Tie ES 8.93 10.72 a He 14.29 16.08 b7 8 
8 10.67 13.33 16.00 18.67 21.33 24.00 26.67 
9 I5.19 18.98 22.78 26.58 30.38 34.17 37-97 
10 20.83 26.04 yn 36.46 41.67 46.87 52.08 
RE 27.73 | 34.66 | 41.50] 48.53 | 55-46 | 62.39 | 69.32 
I2 36.00 45.00 54.00 63.00 72.00 81.00 90.00 
13 45.77 57.21 68.66 80.10 91.54 | 102.98 | 114.43 
14 Gyles) 71.46 85.75 | 100.04 | 114.33 | 128.63 | 142.92 
15 70.31 87.89 | 105.47 | 123.05 | 140.63 | 158.20 | 175.78 
16 85.33 | 106.67 | 128.00 | 149.33 | 170.67 | 192.00 | 213.33 
17 102.35 | 127.94 | 153-53 | 179.12 | 204.71 | 230.30 | 255.89 
18 121.50 | 151.88 | 182.25 | 212.63 | 243.00 | 273.38 | 303.75 
19 142.90 | 178.62 | 214.34 | 250.07 | 285.79 | 321.52 | 357-24 
20 166.67 | 208.33 | 250.00 | 291.67 | 333.33 | 375.00 | 416.67 
21 192.94 | 241.17 | 289.41 | 337.64 | 385.88 | 434.11 | 482.34 
22 221.83 | 277.20 | 332.75 | 388.21 | 443.67 | 499.13 | 554.58 
23 253.48 | 316.85 | 380.22 | 443.59 | 506.06 | 570.33 | 633.70 
P 24 288.00 | 360.00 | 432.00 | 504.00 | 576.00 | 648.00 | 720.00 
25 325-52 | 406.90 | 488.28 | 569.66 | 651.04 | 732.42 | 813.80 
26 366.17 | 457-72 | 549.25 | 640.79 | 732.33 | 823 88 | 915.42 
27 410.06 | 512.58 | 615.00 | 717.61 | 820.13 | 922.64 |1025.16 
28 457-33 | 571.67 | 686.00 | 800.33 | 914.67 |1029.00 |1143.33 
20 508.10 | 635.13 | 762.16 | 889.18 |1016.21 |1143.23 |1270.26 
30 562.50 | 703.13 | 843.75 | 984.38 |1125.00 |1265.63 |1406.25 
31 620.65 | 775-8I | 930.97 |1086.13 |1241.30 |1306.46 |1551.62 
32 682.67 | 853.33 |1024.00 |1194.67 |1365.33 |1536.00 |1706.67 
33 748.69 | 935.86 |1123.03 |1310.20 |1407.38 |1684.55 |1871.72 
34 818.83 |1023.54 |1228.25 |1432.06 |1637.67 1842.38 |2047.08 
35 893.23 [1116.54 |1339.84 |1563.15 |1786.46 |2000.76 2233.07 
36 972.00 |12I5.00 /1458.00 |1701.00 |1044.00 |2187.00 |2430.00 
37 T055.27 |1319.09 {1582.00 |1846.72 |2110.54 |2374.35 |2638.17 
38 1143.17 |1428.96 |1714.75 2000.54 |2286.33 |2572.13 |2857.92 
39 1235.81 |1544.77 |1853.72 |2162.67 2471.62 |2780.58 |3080.53 
40 1333.33 |1666.67 |2000.00 |2333.33 |2666.67 |3000.00 3333-33 


ing twenty times the width of the flange, otherwise the stress allowed 
should be reduced as per Table 6. 


TABLE 6.—BEams WitHouT LATERAL SUPPORT 


Length of beam 


Proportion of tabular load forming 
greatest safe load 


20 times flange width 
30 times flange width 
40 times flange width 
50 times flange width 
60 times flange width 
70 times flange width 


Whole tabular load 
zo tabular load 
tabular load 


10 

zo tabular load 
ty tabular load 
yy tabular load 


In some instances, deflection rather than 


absolute strength may 


become the governing consideration in determining the size of beam 


to be used. 


Table 8 gives the deflections of Carnegie beams. 
The standard test specimens of the American Society for Testing 
Materials are shown in Fig. 1, 


The strength 


of I-beams with reinforcing plates may be determined 
by the use of Table 9 or Fig. 2, by 


C. F. BLAKE (Amer, Mach., May 


30, 1901). Table 9 gives the section factors of various thicknesses 


of cover plates when applied to different sizes of beams, 


The heavy 


figures are for plates on the compression flanges, and the light figures 


By THE CARNEGIE STEEL Co. 


TaBLE 7.—Sare Loaps UNIrorMLY DISTRIBUTED FOR STANDARD AND SPECIAL I-BEAMS IN TONS OF 2000 LBS. 


Maximum fiber stress 16,000 lbs. per sq. in. 


Safe loads given include weight of beam. 
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TABLE 8.—DEFLECTION COEFFICIENTS FoR JI-BEAMS GIVEN IN 
-  64THS OF AN INCH 


Figures given opposite C. S. and C.’ S. are the deflection coefficients for 
steel shapes, subject to transverse strain for varying spans under their maxi- 
mum uniformly distributed safe loads, derived fram a fiber stress of 16,000 
and 12,500 respectively; the modulus of elasticity being taken at 29,000,000. 

To find the deflection of any symmetrical shape used as a beam under its 
corresponding safe load, divide the coefficients given in the above tables by 
the depth of the beam. This applies to such shapes as I-beams, channels, 
Z-bars, etc. 

Example: Required the deflection of a sain’ T-beam, BuUGudbs.5 2Odite 
span, under its maximum uniformly distributed safe load of 0.50 tons, as 
given in Table 7. The above tables give 423.7 as the deflection coefficient; 
dividing this by 12 gives 35.3 as the required deflection in 64ths of an in. 

For deflections due to different systems of loading see Table 3. 


Distance between supports in ft. 
14 | 16 | 18 


207.6 343 .2/423.7 
162.2 268 .1/331.0 


: : ' 
Coefficient index! 


6 eal 
67.8 
53.0 


tetas | 
105.9 


82.8 


20 | 22 


512.7 
400.5 


ES2).5 
119.2 


QS 9 
2070.8 


Cc. Ss. 
Ces: 


Distance between supports in ft. 
ae) 36) “ga | 34 |-36 
|r085.0 
847.4 


Coefficient index 


38 | 40 
1373-0/I530 |1605 
1073.0|II905 |1324 


24 26 | 
S. eee ees 
Ss. 476.6/559.4|/648.8/744.8 


1225.0 
956.6 


is 


Cc. 
C. 


for plates on the tension flanges, the area of two 13-in. rivet holes 
having been deducted from the area of the latter plate. The section 
factors from the table are to be added to the section factor of the 
beam, and the sum to be multiplied by the allowable fiber stress to 
obtain the safe bending moment in lb-ins. for the girder. 

Example: A 15-in. 42-Ib. I-beam is to be reinforced with a $-in. 
plate on each flange. What will be the safe bending moment in 
Ib.-ins. to allow upon the girder, the fiber stress to be 12,500 lbs. 
per sq. in.? 


‘From Table ro of properties of I-beams, the section 


factor or modulus of a 1§-in. 42-lb. beamis............... 58.9 
From Table 9 the section factor of the 3-in. compression 

Biatetomarcs-i, 472-Ib, DCAM AS: =... .6cce ese c ences eaee | 25.97 

ROR AOMNANIC nobis dscceos ce sesecieiesstgnseien © 10-58 
seocaiesection factor for'girder... 05. sos: ssscn. sscecen 103.39 


Then 103.39 X12,500=1,292,375 lb.-ins. for the allowable bending 
moment upon the girder. 

The chart, Fig. 2, applies to beams with or without cover plates 
and for any bending moment and fiber stress. 

The small chart in the upper corner is to be used with the short 
row of bending moments at the left. The letters a, b,c and d denote 
the position of the plates, whether on the tension or compression 
flange, according to the figure in the lower corner. 

Example: A bending moment of 1,292,375 lb.-ins. is to be taken 
by a beam at a fiber stress of 12,500 lbs. per sq. in. Required the 
size of beam and cover plates. The nearest bending moment on the 
chart is 1,300,000. Follow the line from this to the diagonal line 
for 12,500, thence up, and read the size of beam and plates as 15- 
in., 42-lb. beam with two 3-in. cover plates. 

Neither Mr. Blake’s table nor chart take into account the necessity 
for supporting long beams against lateral deflection. For the allow- 
ances to be made in such cases, see Table 6 for beams without lateral 
support. 


Explanation of Tables 


On the Properties of Carnegie Standard and Special I-beams 
Table 10 on I-beams, is calculated for all weights to which each 
pattern is rolled. 
Columns 12 and 13 give coefficients by the help of which the safe, 
uniformly distributed load may be readily and quickly determined. 
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TABLE 9.—SeEcTION Factors oF REINFORCING PLATES FOR J-BEAMS 


‘ Section factors 
Width of Depth | Weight Light figures for tension members 
plate in of of Heavy figures for compression members 
ins. beam beam Thickness of plate 
fin. 2 in. & in. 2 in. 
4h eo Fae 8.67 11.64 14.54 
5.64 7-53 9.41 
5 70 eAG 9.42 12.55 15.72 
ee 6.32 8.43 10.57 
5 TS 31h+e8 II.32 15.05 18.20 
bane 10.58 T2512 t 
st ae 40 11.82 15.85 18.30 
8.17 10.890 I4.02 
5} ae 48 12.14 16.15 20.35 
8.72 IIl.29 14.08 
st =p é 12.37 16.55 20.71 
5 8.80 11.76 14.52 
si 55 12.68 16.85 21.35 
9.02 I2.04 15.08 
15.03 20.65 25.91 
54 I 2-, 
: sg 10.01 14.59 18.58 
st 1s 50 15.12 21.25 26.60 
rlW27 I5.04 18.83 
53 15 5e-60 15.22 21.45 27.1% 
TE .5 7, 15.49 19.73 
6 15 65-70 16.92 22.56 28.37 
T2.32 16.44 20.59 
6} 15 75 17.60 23-71 29.32 35-38 
I3.17 Ly Os 22.00 26.51 
6} 15 80-85 18.33 24.47 30.63 36.82 
Pa. 72 18.35 23.00 27-57 
. 8.63 24.87 35.23 37.48 
6% ie o- t 
i : ad 14.52 18.80 23.80 28.48 
63 1g “a0 20.28 25.32 31.74 37.74 
74357 19.25 24.10 29.08 
6 18 55-65 27.06 33.87 40.07 
19.74 24.59 29.65 
8.46 35.23 42.44 
6 18 0 fs 
t 7 20.85 26.00 31.36 
6 20 Gano 39.13 47.09 
i Bal. 29.00 34.86 
.83 48.92 
63 20 —80 = 
a 30.59 36.77 
43.90 52.75 
if 20 85-90 
: 33.76 40.44 
45.40 54.76 
20 —10 
7 > 08 35.61 42.80 
63.25 
ul 2 80-8 
a : 48.44 
64.45 
7 2 o- 
3 4 90-95 “oie 
65.56 
1 
7% 24 100 e758 


To do this, it is only necessary to divide the coefficient given by the 
span or distance between supports in feet. 

If a section is to be selected (as will usually be the case) intended 
to carry a certain load for a length of span already determined on, 
it will only be necessary to ascertain the coefficient which this load 
and span will require and refer to the table for a section having a 
coefficient of this value. The coefficient is obtained by multiplying 
the load in pounds uniformly distributed by the span length in feet. 

In case the load is not uniformly distributed, but is concentrated 
at the middle of the span, multiply the load by 2 and then consider 
it as uniformly distributed. The deflection will be 75 of the deflec- 
tion for the latter load. 

For other cases of loading, obtain the bending moment in lb.-ft. 
(the most common cases are given in the table of bending moments 
and deflections). This multiplied by 8 will give the coefficient 
required, 

If the loads are quiescent, the coefficients for fiber stress of 16,000 
Ibs. per sq. in. for steel may be used; but if moving loads are to be 
provided for, the coefficient for 12,500 lbs. should be taken. Inas- 
much as the effects of impact may be very considerable (the stresses 
produced in an unyielding, inelastic material by a load suddenly 

(Continued on page 478, first column) 
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TABLE 10.—PROPERTIES OF I-BEAMS 
By the Carnegie Steel Co. 
Weights in heavy print are standard, others are special. 
I 2 3 4 5 6 7 8 9 Io II I2 13 I4 I5 
Biome : Radius of ' Coefficient| Coefficient Disarce 
f Mom. of.| inertia | Radius of 3 Section center to 
a , A gyration of strength] of strength 
inertia | neutral | gyration modulus f b center re- 
neutral | axis co- | neutral meatre: neutral ioe bier ne | quired to 
i ick- i (ie a i in- é t: t; BS f 
Section Me ue heey cas of age eee a axis per-| incident | axis per- Sri axis per- a fee re +: a rt make radii Section 
index |° 2°8™ Te paleo one Re evap ta "|pendicu-| with | pendicular Sieh Gans pendicular a a oa te Be as of gyration| index 
pos: =) EE EA SED ELD oes lar to | center to web Rein Eh to web Used oe Used ae “| equal 
web line of | at center ae at center Suildines beilges 
at center! web 
I whe r ra S G (el 
100.00 29.41 754 7.254 | 2380.3 48.56 9.00 I. 28 198.4 2,115,800 | 1,653,000 17.82 
95.00 27.94 602 7.192 | 2300.6 47.10 9.00 T30 192.5 2,052,000 | 1,603,900 I7.99 
Bi 24 90.00 26.47 631 Welsd asso 45.70 9.20 Tasit 186.6 1,990,300 | 1,554,900 18.21 Bex 
85.00 25.00 -570 7.070 | 2168.6 44.35 9.31 Taso 180.7 1,927,600 | 1,505,900 18.43 
80.00 23.32 .500 7.000 | 2087 9 42.86 9.46 1.36 174.0 1,855,900 | 1,449,900 18.72 
100.00 29.41 . 884 7.284 | 1655.8 52.65 7.50 1.34 165.6 1,766,100 | 1,379,800 14.76 
95.00 27.94 .810 7.210 | 1606.8 50.78 7.58 3s) 160.7 I,713,900 | 1,339,000 14.92 
2 20 90.00 26.47 ye EY: Fel e7 NLS S78 48.98 7.67 1.36 155.8 1,661,600 | 1,298,100 I5.10 B2 
85.00 25.00 .663 7.063 | 1508.7 47.25 TT. ey) 150.9 1,609,300 | 1,257,200 I5.30 
80.00 23.73 .600 7.000 | 1466.5 45.81 7.86 I.39 146.7 1,564,300 | 1,222,100 15.47 
75.00 22.06 649 6.399 | 1268.9 30.25 Tess T.07, 126.9 1,353,500 | 1,057,400 14.98 z 
B3 20 70.00 20.59 Ain 6.325 | 1219.9 20.04 7.70 Boake) 122.0 I,301,200 | 1,016,600 Geir 3 
65.00 19.08 .500 6.250 | 1169.6 27.86 7.83 1.21 II7.0 1,247,600 974,'700 15.47 
70.00 20.590 -719 6.259 921.3 24.62 6.69 I.00 102.4 1,091,900 853,000 13.20 ne 
B80 18 65.00 | 19.12 BO37 |) (O2t775| eS8ie5. |! 923.47 6.79 Tada 97.9 | 1,044,800 816,200 13.40 ° 
60.00 17.65 -555 6.095 841.8 22.38 6.91 L203 93-5 997,700 779,500 13.63 
55.00 15.93 .460 6.000 705.6 21.19 7.07 I.15 88.4 943,000 Tape 13.95 
100.00 29.41 I.184 6.774 900.5 50.98 5.53 Wowys 120.1 1,280,700 ve 00 ae = 
B4 I5 95.00 27.94 I.085 6.675 872.9 | 48.37 5.59 1.32 I16.4 I,241,500 969,900 ‘S 
90.00 26.47 -987 6.577 845-4 | 45.91 5.65 TS 2 IY) 1,202,300 eee ed 
85.00 25.00 . 880 6.479 817.8 AS eT Nar Ie Ae} 109.0 I,163,000 ss ,600 I ae 
80.00 23.81 .810 6.400 795.5 41.76 5.78 1232 106.1 1,131,300 3,900 11.25 
75.00 22.06 . 882 6.292 601.2 30.68 5.60 TES, 92.2 983,000 768,000 = oe 
Bs 15 70.00 20.59 -784 6.194 663.6 29.00 5.68 I.19 88.5 943,800 eee : 
65.00 19.12 686 6.096 636.0 27.42 Sa 7) I.20 84.8 904,600 ie io) II.29 
60.00 17.67 .590 6.000 609.0 25.96 5.87 ro2r 81.2 Boece me eae rae 
55.00 | 16.18 5656 | 5.746 | s1z.0 | *2%.06 | 5:62 1.02 68.1 (806) 507,308 = fa 
By 15 50.00 14.71 -558 | 5.648 | 483.4 16.04 5-73 1.04 64.5 687,500 537,100 . 
45.00 13.24 .460 | 5.550] 455.8 15.00 5.87 I.07 60.8 648,200 506,400 BSA 
42.00 | 12.48 -410 | 5.500 | 441.7 | 14.62 5-95 1.08 58.9 se oe ie 
55.00 16.18 822 5.612 321.0 17.46 4.45 1.04 5505 570,600 yaa ie ae — 
B8& 12 50.00 I4.71 .699 5.480 303.3 16.12 4.54 1.05 50.6 539,200 4 ace Se. 
45.00 13.24 -570 | 5-300 285.7 14.89 4.65 1.06 47.6 poise 390, e ae 
40.00 | 11.84 .460 | 5.250 | 268.9 |] 13.81 4.77 1.08 44.8 4) os sae Be ee 
Bo 12 35.00 10.29 -436 5.086 228.3 10.07 4.71 -99 oe a = es Ae 
31.50 9.26 -350 5.000 215.8 9.50 4.83 1.01 36.0 3 a ee ares 
0.00 11.76 -749 5.099 158.7 9.50 3.67 -90 Bre 7 338, ; ae 
4 6 8.52 3.77 OL 209.3 312,400 244,100 7.32 I 
B 10 35.00 | 10.29 -602 | 4.952 | 140.4 +5 : ¢ 
Ir 4 4.805 134.2 7.65 3.90 .93 26.8 286,300 223,600 Tog 
30.00 8.82 +455 : 68 how oF 24.4 260,500 203,500 7.91 
25.00 7.37 «310 | 4.660 | 122.1 chy) : : Ge 
8 I 3.29 84 24.8 265,000 207,000 23} 
35200 36220 yaa 4.772 || xTT. 7.3 oe os a 241,500 | 188,700 7-58 Br3 
30.00 8.82 .569 | 4.609 | ror.9 6.42 3.4 : ; Pay 
ye sd 6 3.54 88 20.4 217,900 170,300 ‘ 
25.00 Tg 5 -406 | 4.446 91.9 5.65 8 . : es ee a ayer aha 
00 6.31 .290 | 4.330 84.9 5.16 3.67 9 . 5 
ar 3.02 80 7k 182,500 142,600 5.82 
25.50 7.50 .541 4.271 68.4 4.75 . ‘ 6 Bis 
5 17 64.5 4.39 3.09 81 16.1 172,000 134,400 5.9 
Bis 8 23.00 6.76 +449 4. fe ae oe hoe 82 15.1 161,600 126,200 6.12 
20.50 6.03 lee | aia i 3.78 3.27 84 14.2 151,700 | 118,500 6.32 
18.00 5-33 a2 OR ea 20°. nae 9 2.68 74 12.2 128,600 100,400 5.25 
20.00 5.88 +458 Soe aes oe ee re Ir.2 II9,400 93,300 5.31 Br7 
Br7 7 17.50 5.15 S353 33703 ~ 3 aay 2.86 78 10.4 110,400 86,300 5.50 
15.00 4.42 .250 | 3.660 30. : o., 68 8.7 93,100 72,800 4.33 
17.25 5.07 -475 3-575 26.2 i e i a te ae Boo 66,660 4.49 Bro 
B 6 14.75 4.34 +352 | 3.452 pane : + 7,500 60,500 4.70 
aD 1.8 1.85 2.46 72 7.3 77> 
12.25 3.61 +230 | 3.330 ai. s: : ia oh ee Aaieho 0. cog et ae 
14.75 4.34 S504 nee oe ioe : 58,100 AS AOU tartans Bar 
I 13.6 1.45 1.94 63 5-4 ' 
Bar 5 12.25 3.60 -357 Sr l47 . si acne 65 A 51,600 AO; OOS Lakh ccrercie 
9.75 2.87 .210 3.000 T2355 ioe oe er 3.6 38,100 29; SOO) aici ailsrencnals 
10.50 3.09 yates Sa 2Gre pe Tass 58 3.4 36,000 285LOOG | etaatersiektle: B23 
2.79 .337 2.807 6.7 +93 . : Pay ll itll tala 
Bas 4 aah 6 85 | 1.59 .58 3.2 33,900 | 26,500 |.. 
eee ae eu Aes aa vie 1.64 -59 3.0 31,800 24,900 fe 
ae egy eo eleee “d oe Tors 52 eat) 20,700 HOV AOO Mlaoio ha anoc t. 
7-50 2.21 eaOU) si) 24544 ere 53 1.19 52 res 19,100 15, 000s |bmedera seat B77 
- 263 2.423 : : x 6 13:00 ue eee 
B77 3 6.50 I.91 a rb 53 1.7 17,600 3, 
; 5.50 1.63 ST POSEY aie 140-|. 5-38 
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applied being double those produced by the same load % meee 
state), it will sometimes be advisable to use still smaller er s 
than those given in the tables. In such cases the coefficients i 
readily be determined by proportion. Thus, for a me ee o 
8,000 lbs. per sq. in. the coefficient will equal the coefficient for 16,000 
divided by 2. 
eed Be i a used to determine the fiber stress per sq. 
in. in a beam or other shape, subjected to bending or transverse 
stresses, by simply dividing the same into the bending moment ex- 
in Ib.-ins. 7 
ae 14 gives the distance c.t.c. of beams, making the radii 
of gyration equal for both axes. 
These tables have all been prepared with great care. No approxi- 
mations have entered into any of the calculations, so that the figures 
given may be relied upon as accurate. 

‘Example: What section of I-beam will be required to carry 
40,006 lbs. uniformly distributed, including its own weight, over a 
span of 16 ft. between supports, allowing a fiber stress of 16,000 lbs. 
per sq. in.? 

Answer: The coefficient required = 40.000 X 16 = 640,000. 

In Table ro of Properties of I-beams, look in column 12 for the 
nearest number corresponding to 640,000 which is 648,200. There- 
fore the beam to be used is 15 in. 45 lbs. 


ern I VP ere os ' 
a uring Basi Meee 2s AOD ae, ea 
f Fe us H434-19.06 fe ~~ 234-715 315 19,05 

; 
At ee HMM ; 6/35 MM 1 


Li en ee V2 & 

Hee ese Gt 

% i Wiginne 2" 50,80" -H3e < 
! 


ea 
19,521 "9,62! 
10 Pitch, U.S,form of Thread 


Steel, Tensile 


Ha A 


H-2"to 8->y fai 


j ii 
10 Pipe bored with yent holes 10 Pipe cope 


EP =Width of pull section, should not 
bein excess of 214” 

t = Thickness of pull section 
Note:-B Xt should not exceed1 sq.in, 
for the ordinary tensile testing 
machine, 


Flat Strips, Tensile 


| ® 
—-— 5.1692 - 


Alternate Stress 


Fic. 1.—A. S. T. M. standard test specimens. 


Beams of uniform strength for stakes of rivetting machines and 
similar structures may be laid out by the aid of Figs. 3, 4 and tye 
which were originally developed at the Bement-Miles works of the 
Niles-Bement-Pond Co. (Amer. Mach., Feb. 21, 1901). The charts 
were designed especially for steel castings in which the compressive 
strength is about six-fifths of the tensile strength and, except in the 
case of beams of circular cross-section, the dimensions obtained from 
them always provide stresses in this ratio. 

Instructions for use: 

For full circular sections with a fiber stress of 10,000 Ibs.: Read 
the load in tons of 2,000 Ibs. on the right or left-hand scale and the 


length of the lever in ft. on the top or bottom scale of Fig. 3. Follow 
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TABLE I1.—SAFE LoAapS UNIFORMLY DISTRIBUTED FOR Rectan: 
GULAR SPRUCE OR WaITE Pine Beams 1 In. THICK 
By the Carnegie Steel Co. 
To obtain the safe load for any thickness: Multiply values for 1 in. by 


thickness of beam. : 
To obtain the required thickness for any load: 
I in. 
This table has been calculated for extreme fiber stresses of 750 tbs. per sq. 
in. corresponding to the following values for Moduli of Rupture recom- 


mended by Prof. Lanza, viz.: 


Divide by safe load for 


Spruce and white pines... snes sees te oe eee 3900 tbs 
Oak’ 5.2% scrclesal stone tints oot eee ata eee 4000 Ibs. 
Yellow pistes.s ac « sic claimisiea aot oles ete eee 5000 tbs 


For oak increase values in table by }. For yellow pine increase values in 


table by 3. ah ; : 
The safe load for any other values per sq. in. is found by increasing or 


decreasing the loads given in the table in the same proportion as the 
increased or decreased fiber stress. 


Span in Depth of beam 
ft. | 6” | rid | 8” | 9” | 10” | rr” t 12’” 13” ! 14” | 15”| 16” 
5 600 | 820 |1070 |1350 |1670 |2020 |2400 |2820 13270 |3750|4270 
6 500 | 680 | 890 |1120 |13900 1680 |2000 12350 |2730 |3120)3560 
“Ff 430 | 580 | 760 960 |II90 |1440 |1710 |2010 2330 |2680 3050 
8 380 | 510 | 670 | 840 |1040 |1260 |1500 |1760 2040 |2340|2670 
9 330 | 460 | 590 | 750 | 930 |II20 (1330 |1560 |1810 |2080/2370 
| | : 
pas) 300 | 410 | 530 | 670 / 830 jr0r0 1200 |I14I0 1630 |1880)2130 
II 270 | 370 | 490 | 610 | 760 | 920 |1090 |1280 |1490 |1710\19040 
I2 250 | 340 | 440 | 560 | 690 | 840 |1000 |1180 |1360 |1560/1780 
13 230 | 310 | 410 | 520 | 640 | 780 | 930 ‘Geom 1260 |1440)1640 
I4 210 | 290 | 380 | 480 | 590 | 720 | 860 |10IO |1170 |1340)1530 
15 200 | 270 | 360 | 450 | 560 | 670 | 800 940 |T090 |1250/1420 
16 190 | 260 | 330 | 420 | 520 | 630 | 750 | 880 |r020 |1180/133t 
17 180 | 240 | 310 | 400 | 490 | 500 | 710 | 830 | 960 1100/1260 
18 I70 | 230 | 290 | 370 | 460 | 560 | 670 | 780 | 910 1040/1r90 
I9 160 | 210 | 280 | 360 | 440 | 530 | 630 | 740 | 860 | 9900/1130 
| 
20 I50 | 200 | 270 / 340 | 420 | 510 | 600 | 710 | 820 | 940\;1070 
2I 140 | 190 | 260 | 320 | 390 | 480 | 570 70 | 780 890| 1020 
22 I40 | 190 | 240 | 310 | 380 | 460 | 540 | 640 | 740 | 850] O70 
23 130 | 180 | 230 | 200 | 360 | 440 | 520 | 610 | 710 | 810) 020 
24 I30 | 170 | 220 | 280 | 350 | 420 | 500 | 590 | 680 | 780) 800 
25 120 | 160 | 210 | 270 | 330 | 410 | 480 | 560 | 660 | 750] 860 
26 IIo | 160 | 210 | 260 | 320 | 300 | 460 | 540 | 630 | 720) 820 
27 TIO | I50 | 200 | 250 | 310 | 370 | 440 | 520! 610 | 690) 700 
28 | ro 140 | 190 | 240 | 300 | 360 | 430 500 | 580 | 670 760 
20 Ito | r40 180 | 230 | 200 | 350 | gro ! 490 | 560 | 640] 740 


the lines from these readings to their intersection and find the re- 
quired diameter of the section on the diagonals. 

For any section of Fig. 4 with a tensile fiber stress of 10,000 and 
a compressive fiber stress of 12,000 lbs.: Multiply either load in 
tons or length of lever in ft. by the value of factor X for the section 
as given in Fig. 4 and proceed as before. The result given by Fig. 
3 is the diameter D of the various sections of F ig. 4. The section 
may then be laid out by the proportional figures for the section se- 
lected. The value cf D and the cross-section are to be determined 
for a sufficient number of points on the stake, the same proportional 
figures being used throughout the length of the stake, except that 
it should be noted that Fig. 4 will give the cross-sections at different 
points in the length of the stake or beam strictly according to the 
law of the cubic parabola. When nearing the top of the stake it is 
desirable to use heavier sections from F ig. 4 in order to reduce the 
diameters at these sections and also to avoid thin ribs which could 
not be cast in steel. 

For any other tensile fiber stress than 10,000 Ibs.: Multiply 
either the load in tons or the length of lever in ft. by 10,000 and 
divide by the desired tensile fiber stress and proceed as before. In 
the resulting beam the compressive fiber stress will always be equal 
to six-fifths of the tensile stress. 

Example: Find the dimensions of section 3 of Fig. 4 for a riveter 
stake at a point 8 ft. below the dies. The pressure on the dies is 
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Fic. 3.—Beams of uniform strength. 


7° tons and the tensile fiber stress is not to exceed 8,000 Ibs. The 


é i - 100 
value of section factor X for section 3 is ir and, performing the 


multiplication, gives: 
I00_ 10000 
70 "a5 * Booo ~ 

Finding this load at the right and the length, 8 ft., at the top of 
Fig. 3, we find at the intersection of the lines through these points, 
284 ins. as the value of D for the section. 

The use of Fig. 5 for various methods of support and of loading is 
self-explanatory. 

The Hodgkinson section of cast-iron beams with heavy tension 
and light compression flanges proportioned in accordance with the 
widely differing ultimate strengths of the material in compression and 
tension, is now believed by many machine constructors to be funda- 


7, 


mentally wrong when applied to machine parts. The case against 
it is well made out by Jas. Curistie (Proc. Engrs. Club of Phila., 
1907) as follows: 

This form of beam was largely adopted, and took precedence as 
long as cast-iron was used for beams in structures. We find that 
the same method of reasoning influenced the machine designer in 
disposing of cast-iron to seeming advantage in the construction of 
machines, massing the metal to resisit tension, and permitting high 
unit stress on metal in compression; and especially is this observed 
in machines of the open-jaw or gap type, such as presses, punching 
and shearing machines, etc. 

I believe that usually the unit stresses should be little, if any, 
higher in compression than in tension, for the following reasons: 
In machinery rigidity or stiffness is usually the chief consideration; 
many machines do not fulfil the intended purpose properly, not by 
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100 100 . 100 : 100 ; 100 = 100 

‘o, 1.Section. = = = fo) = rans No. 6 Section, X: 52 No, 
4 Section, No. 5 Section, 62.5 

No.1. ion, X: 90. No, 2 Section, Xx: 82. No, 3,Section, X- A N 71 2. 


40 


58 D 
15 p | 100 


i = 2cti =100 No. 17 Section, X=1% No, 
fon, X=100 No, 14 Section, X=100 No. 15 Section, X=100 No. 16 Section, X- 100 No od 


/ ! | 


No, No, 30 Section, X= 10 
No, 21 Bection, X21 No, 22 Section, X= 10 No, No. No, No. O. a 


Fic. 4.—Sections of beams of uniform strength. 


TABLE 12—ULTIMATE STRENGTH OF Hottow Rounp anp HoLttow y 
RECTANGULAR CAST-IRON CoLUMNS 
By the Carnegie Steel Co. 


Take Full Load, if 
7, Beam kept at one End, Load at other End 


Ultimate Strength in Lbs. per Sq. In.: USS Take 4 of the Load, if 
Round Columns Rectangular columns Uy 
Square bear- Pin and Square bear- Pin and Beam kept at one End, Load equally distrib’d 
ing square Pin bearing ing Square Pin bearing 
80000 80000 80000 80000 80000 80000 ay Take % of the Load, if 
(121)2 3(121)2 (121)2 3(121)2 9(z2l)2 3(zab? : 
T+ 800d? ™+ 600d? I++ Good? 1+" 3200d2 + 6400d? 1+” y600d? Beam suppérted at both Ends, Load Central 
1 =Length of column in ft. ISS % of the Load, if 7 
d—¥xternal diameter or least side of rectangle in ins. a x pases ala 
Round columns Rectangular columns . ee ete 
. A a Se h , Load y distrib'd 
- Ultimate strength in lbs. Ultimate strength in lbs. Fomyedet et 
7 per sq. in. per sq. in. y, Urake # of the Load, if 
Square Pin and Pin Square Pin and Pin W : 3 a 
bearing square bearing | bearing square bearing Beam rigidly kept both Ends, Load Central 
I.0 67,800 62,990 58,820 70,480 66,520 62,000 —LESSSSSSEXS Take Y,. of the Load, if 
tor 65,600 60,300 55,730 68,790 64,260 60,300 y A 
RSP 63,530 57,000 52,600 67,000 61,040 57aie Beam rigidly kept both Ends, Load equ’y distrib’d 
I.3 61,340 54,930 49,740 65,140 59,600 54,0 ; . . 
1.4 59,140 | 52,310 46,000 | 63,260] 57,270 52,320 Fic. 5.—Loading and supporting beams. 
1.5 56,940 | 40,770 44,200 | 61,350 | 54,060 0,760 failure through fracture, but by a want of sufficient stiffness. Deflec- 
4 
1.6 sie 47,300 41,630 | 50,450 | 52,680 47,300 tion has to be limited, and when that is done, breaking from excessive 
log 52,620 44,040 39,210 57,550 50,460 44,060 tensioni acl ; ; i ; 
sion Is sufficiently guarded. = r 
ped ee eS eo cica Beycha cee ren Z y guard d Remembering that cast iron yields to 
fo Gece lA0.6tc 34,790 | 53,8001 46,230 PES compression, as much as with the same unit stresses it yields to ten- 
sion, it follows that the compressive stress should not exceed the ten- 
2.0 moe eae 32,790 | 51,040 | 44,200 | 38,460 sile strength per unit of section if it is desired to dispose a given mass 
2.1 44,000 30,520 30,920 50,160 42,260 36,520 f . : : . . 
, ’ of metal as ‘ 7 
Bie iho Gokés wibueued Ions Sue 1et with least deflection. It is believed that rupture sometimes 
es Mgetor les, O40 27,540 | 46,6701 38.630 SaikG occurs In a machine apparently through tension, where the origin 
2.4 39,280 | 31,310 26,030 | 44,000 | 36,030 31,310 of the weakness could be traced to a want of material to sufficiently 
resist compression, the improperly supported tension side severin 
a3 37,650 | 29,770 24,620 | 43,390 | 35,310 29,760 by cross-bending or here (ae a i 
2.6 36,090 28,320 23,300 41,820 33,770 28,320 ‘ : g i Ss SS. } . 
ie 34,600 | 26,950 | .22,070 | 40,320 | 32,410 ef-oha Taking for illustration an open-gap machine with frame as illus- 
2.8 33,180 25,670 20,030 38,870 30,920 25,670 trated in Fig. 6, tension at T and compression at C, if the section 
2 4 i ; : . . . . . . 

9 31,820 | 24,460 19,860 | 37,470 | 20,600 24,460 1s so shaped that compressive unit stress is six times that of the tensile 
a Pore AWM ate Gecphe | Sa cas" aging Pe see unit stress, then, elastic moduli being equal, the frame will yield at 
3-1 20,310 22,250 17,940 34,830 27,150 eavase C six times as much by compression as it does by tension at T. 
3.2 28,140 | 21,250 17,070 | 33,580] 26,030 21,250 This permits an oscillation of the mass at T around its center, If 
3-3 27,030 20,300 16,260 32,300 24,660 20,300 this oscillati 

’ ; ‘ ; sculation becomes dangerous, by extent or fr 
Bead 25,070 19,410 15,500 31,240 43,040 roar6 g » by equency, the frame 


will break by cross-bending at the mass T, giving the impression 
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TABLE 13.—SAFE Loans IN TONS OF 2000 LBs. FoR HoLtow Rounp Cast-Iron CoLUMNS 
By the Carnegie Steel Co. 


i = Weight, 
Oreo | Teickees Length of columns in ft. ney lietof 
ins. of metal aoe 
S 8 10 12 14 | 16 | 18 20 22 24 area, Sc Pe. 
3 .0 
Tons Tons Tons Tons Tons Tons Tons Tons Tons se length 
: t 26.2 23.0 20.1 17.5 Se 13.2 GPa tae “IDS. ean cree co Ren [eee area ea 8.6 26.95 
3 SYP aks 33.0 28.8 25.0 Qi 18.9 b(olyipe “ul lbereririn ocean Alera iorcaore Ziel 8 
6 i 2. 6 8 ss ere ee 
42.7 Bis 32. 28.5 24.7 20.5 T Gin.Gs mean lsrelodeementce chit tearcateree oe Tae 43.96 
; a 47.6 41.9 36.5 31.8 27.6 24.0 BLOGs |(nerMensvedennt cuvilicn saree M5 49.01 
I aaa 6.0 oO. VOM ONE SG aad et haha PAT coacocuah Wye ctr ths eda ‘ ; 
z 5 4 40.1 34.8 BOua 26.3 23S O team ile coctte evecectedes talent atcelanatier ste TT 2 53.76 
3 
7 3 po 43.1 38.5 34.3 30.4 26.9 23.9 hina 18.9 14.7 45.96 
y I re 55.2 49.3 43.8 38.9 34.4 30.6 hots 24.2 18.9 58.90 
7 1}; tie 60.8 54.3 48.3 42.8 37.9 S37 29.9 26.7 20.8 64.77 
4 & ote sek pe 44.1 Says 35.8 33:2 28.9 26.1 U7 t 53.29 
‘ x ie : aly) piece 56.7 iS De 46.0 41.4 3753 33.6 22.0 68.64 
9.9 2.8 CAN 68.4 61.7 55.5 49.9 44.9 40 26.5 82.71 
2 
9 3 68.1 63.6 58.9 54.2 49.6 45.2 41.2 eYfoks 34.1 19.4 60.65 
9 I 88.0 82.3 76.2 70.0 64.1 58.4 53.2 48.4 44.1 25.1 78.40 
9 ri 106.6 99.6 92.2 84.8 77.6 70.8 64.4 58.7 53-4 30.4 94.94 
9 zt 123.8 II5.7 107-1 98.5 90.1 82.2 74.8 68.1 62.0 B53 II0.26 
9 1? 1390.6 130.5 120.8 cot eed I01r.6 G2...7 84.4 76.8 69.9 39.9 124.36 
10 I IOI.4 95.9 89.8 83.6 17.4 71.5 65.8 60.5 55.5 28.3 88.23 
10 tt 123.3 116.5 I09.1I IOI.6 94.1 86.8 70.9 73-4 67.5 34.4 £07.23 
10 1} 143.7 135.8 127.3 118.5 100.7 101.2 93.2 85.6 nkeint 40.1 124.99 
3 
10 1? 162.7 153.8 144.1 134.1 124.2 114.6 I05.5 97.0 89.1 45.4 141.65 
II I 114.8 109.4 103.5 97.3 91.0 84.8 80.2 Wink 67.7 31.4 98.03 
II 1} 139.9 233.3 126.1 118.6 II0.9 103.3 97.8 89.4 82.5 38.3 119.46 
II 13 163.5 155.9 147.5 138.6 128.7 120.8 II4.3 104.1 96.4 44.8 139.68 
II 1} 185.7 a77o% 167.5 157.5 147.3 me Ges 129.8 118.3 109.5 50.9 158.68 
II 2 206.6 196.9 186.3 bi Ase | 163.8 152.6 144.4 131.5 121.8 56.6 176.44 
12 I 128.0 I22.9 18 Ae} III.o 104.7 98.4 92.2 86.1 80.4 34.6 107.51 
12 ri 156.4 I50.1 143.1 135.7 127.9 120.2 II2.6 105.2 98.2 A2s2 I3I.41 
12 13 183.3 175.9 167.7 I59.0 149.9 140.9 132.0 T2303 II5.1 49.5 154.10 
12 1? 208.7 200.4 I9I.O I8r.I 170.7 160.4 I50.3 140.5 132, % 56.4 E7553 
12 a a32 57 223.4 213.0 201.9 190.4 178.9 167.6 156.6 146.1 62.8 195.75 
13 I I4I.2 730.3 130.7 D247) I18.5 LIZ.L 105.8 09.5 93.5 37.7 II7.53 
13 1} 172.8 166.8 160.0 Qo I45.0 137/02 129.4 121.8 II4.4 46.1 143.86 
13 14 203.0 195.9 187.9 179.3 170.3 I61.1 I52.0 143.1 134.3 54.2 168 .98 
13 12 231.6 223.6 214.5 204.7 194.4 183.9 173.5 163.3 T5303 61.9 192.88 
13 2 258.9 249.9 239.7 228.7 2I703 205.5 193.9 182.5 by pe 60.1 215.56 
14 I 154.3 149.6 144.3 138.5 i323 I25.9 II9.5 Eva 2 106.8 40.8 127.60 
14 ri 189.2 183.4 176.9 169.7 162.2 I54.4 146.5 138.6 I3I.0 50.1 156.31 
14 1 222.6 215.8 208.1 199.7 190.8 181.7 172.3 163.1 154.1 58.9 183.67 
14 13 254.4 246.7 237.9 228.3 218.1 207.6 197.0 186.5 176.2 67.4 210.00 
14 2 284.8 276.2 266.4 255.6 244.2 232.4 220.6 208.8 197.2 75-4 235.12 
15 167.4 162.9 157.8 r52.5 146.¢ 130.7 133.3 126.8 I20.4 44.0 137.28 
15 rt 205.5 200.0 193.7 186.7 179.36 171.5 163.6 TS Seif 147.9 54.0 168.48 
15 1} 242.1 235.7 228.2 220.0 211.2 202.1 192.8 183.5 174.2 63.6 108.74 
15 12 277.2 269.8 261.3 251.9 241.9 231.4 220.7 210.1 199.5 72.9 227.45 
15 2 310.8 302.5 293.0 282.5 271.2 259-5 247.5 235.5 223.6 81.7 254.90 


Fic. 6.—The case against the Hodgkinsen section. 


31 


that more material is needed to resist tension, whereas the fact may 
be that more material should be placed at C to prevent excessive 
yield by compression. 

The parabolic outlines of beams of uniform strength are seldom 
used. In forged beams the outlines are difficult to produce while 
cast beams are usually flanged, to which construction the theoretical 
outline has no application. There is, however, an approximate out- 
line which is easily produced in forged material and leads to most of 
the economy of material of the theoretical outline, while it is very 
satisfactory in appearance. 

Calculate and lay down the section a ), Fig. 7, for the mid length 
of the beam and suitable for the load, make cd = 4 ce and draw df and 
dg, when fghi is the required approximate outline, the thickness being 
uniform as shown in the end view. The dotted parabola shows the 
theoretical outline to which the outline found is an approximation. 
The same construction is to be followed for a beam having a straight 


Fic. 7.—Approximate beam of uniform strength. 


TABLE 14.—PROPERTIES OF COLUMN SECTIONS 


A=area of section. R=radius of gyration 


t 
GAY =bihi—bon 
ia THY A =byhi—boite 
h A=bh ie 4] =2(bi+h,—21)t 
L = R=.2887h “4 Rete 
pel Ker 
iy , A=b?—b,? 
$ A=b , on a =4(b,—Dt 
see Ue Leb)  R=.2887-—/b2 Fy? 
: A=.7854 (D12— Dz?) 
7054" =3-1416(D,—1)t 
Dll ag R=YV/D?ED? 
} A=.7854bh A=.7854(bih1—doh2) 
kh = 1.5708(b; +h— 2t)t 
| R-Ab R=VI+A 
<3 
A =.3866D? A=.8284D2 
R=.2635D R=,257D 


upper face, that is approximating the half parabola below the center 
line. 
Arms, brackets, etc., dimensioned by intuition and judgment may 


be laid out in the same manner and the appearance will be satisfactory 
because appropriate. 


Columns 


The properties of a cross-section that determine the elasticity and 
strength of a beam are the moment of inertia and the section modulus 
and, similarly, the properties of a section that determine the strength 
of a column or strut are the area of the section and the radius of gyra- 
tion, which latter property is equal to the square root of the quotient 
of the moment of inertia divided by the area of the cross-section. 


Formulas for both Properties for all common and some uncommon 
machine sections are given in Table 14. 


Among the most satisfactory experiments on the strength of 
wrought-iron and steel columns are those of JAMES CHRISTIE (Trans. 
A. S. C. E., 1884) which have been arranged for convenient nee by 
the National Tube Company in Table 15. The safe working loads 
in this table were obtained from Mr. Christie’s experimental crippling 
values by the application of the following safety factors: 
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Fixed | Hinged Fixed | Hinged || Fixed | Hinged 
1 and and l and and oe. and and 
R flat | round R flat round R flat round 

ends ends ends ends ends ends 
20 4.8-| 4.05 || ao. "Ges 7.20 | 220 | 7.8 9.45 
40 Sak 5.40 140 6.6 7.65 240 8.1 9.90 
60 5-4 5.85 160 6.9 8.10 260 8.4 10.35 
Sa sn 6.30 | 180 se | | 8.55 280 8.7 10.80 
100." | "60°. 6.95 200 | 7-5 ) 9.00 300 | 9.0 11.25 


in the slenderness ratio, because of the greater inability of a long 
column to resist the bending actions in practice due to causes other 
than axial loading; and for similar reasons, columns having hinged 
or round ends should have greater safety factors than those having 
fixed or flat ends. 


The safe working load corresponding to any other safety factor . 


It will be observed that the safety factors increase with an increase 
. 


may be obtained by multiplying the tabular value by the corre- 


TABLE 15.—SAFE WorKING Loaps oF SoLip AND TUBULAR STEEL 
CoLUMNS 


CasE I 


Column or strut with 
fixed ends and loaded | 


axially 
! = length of column | 
in inches 


R =least radius of gy- 
ration in inches 


Working loads, lbs. per 
sq. in. of cross-section 


Case II 


Column or strut with 
flat ends and loaded 
axially 
z =slenderness ratio of 

column 


| 


Working loads, lbs. per 
sq. in. of cross-section 


R Steel of | Steel of | Steel of R Steel of | Steel of | Steel of 
50,000 | 70,000 | 100,000 | | 50,000 70,000 | 100,000 
Ibs., t. s. | Ibs., t. s. | Ibs., t. s.| Ibs., t. s. | Ibs., t. s. | Tbs., t.s. 
20 9,500 | 14,570 | 20,800 20 | 9,590 14,570 | 20,800 
30 8,600 10,300 14,040 30 8,690 | 10,300 . 14,940 
40 7,870 9,040 12,820 40 7,870 | 9,040 | 12,820 
50 7,210 8,380 11,590 50 7,210 8,380 | 11,590 
60 6,650 7,770 10,730 60 6,650 7,770 10,730 
70 6, 120 7,190 9,970 70 6, 120 7,190 9,970 
80 5,690 6,670 9,220 80 5,650 6,670 9,220 
90 5,330 6, 180 8,520 : 90 | 5,250 6, 160 8,450 
100 5,000 | 5,760 | 7,880 100 4,870 | 5,670 | 7,700 
110 4,700 5,380 7,290 Ilo 4,520 5,210 6,900 
120 4,410 5,000 6,700 120 4,180 4,760 6,3 10 
130 4,130 4,640 6,140 | 130 3,850 4,340 | 5,690 
140 3,850 4,290 5,610 140 3,520 3,950 5,100 
150 3,580 3,950 5,130 Iso 3,200 3,550 4,550 
160 3,310 3,620 4,660 160 2,900 3,190 4,060 
170 3,050 3,290 4,220 170 2,610 2,830 3,610 
| 
180 2,790 2,070 3,800 180 2,350 2,500 3,200 
bare) 2,540 2,650 3,400 190 2,130 2,210 2,850 
200 2,310 2,370 3,030 200 1,940 1,970 2,530 
210 2,100 2,130 2,680 210 1,780 1,780 2,250 
220 I,QOr0 1,920 2,380 220 1,630 1,630 2,010 
240 1,600 1,600 1,910 240 1,380 1,380 1,650 
260 1,350 1,350 1,580 260 1,170 1,170 1,360 
300 970 970 I, 130 300 800 800 950 


aaa Stay 
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TABLE 15.—SAFE WorkING Loaps oF SoLID AND TUBULAR 
STEEL CoLumns (Continued). 


Case III CasE IV 


Column or strut with 
hinged ends and loaded 


Column or strut with 
round ends and loaded 


axially. axially. 
1 = length of column l 
in inches = slenderness ratio of 


g| R =least radius of gy- 


ae aaa column. 
ration in inches 


Working loads, Ibs. per 
sq. in. of cross-section 


Working loads, lbs. per 
sq. in. of cross-section 


bas he 


Steel or| Steel of | Steel of R Steel of | Steel of | Steel of 

50,000 70,000 | 100,000 | 50,000 | 70,000 | 100,000 

Ibs., t.s..|. lbs., t.s. |libs., t. s. Tbs. tes.) Lbs... te Ss, lbs, ts. 
20 9,290 14,170 20, 100 20 8,800 13,540 19,340 
30 8,330 9,880 14,260 30 7,780 9,230 13,400 
40 7,490 8,520 11,950 40 6,770 7,760 10,480 
50 6,780 7,810 10,800 50 5,950 6,880 9,390 
60 6,150 7,160 9,930 60 5,200 6,090 8,430 
790 5,560 5,530 9,040 7O 4,530 5,370 7,470 
80 5,020 5,910 8,170 80 3,970 4,710 6,550 
90 4,560 5,310 7,300 90 3,490 4,080 5,620 
100 4,150 4,760 6,490 100 3,040 3,520 4,810 
110 3,750 4,280 5,760 110 2,650 3,030 4,090 
120 3,370 3,850 5,120 120 2,290 2,600 3,480 
130 3,020 3,430 4,510 130 1,970 2,210 2,900 
£40 2,670 3,030 3,920 140 1,670 1,870 2,390 
150 2,350 2,620 3,370 150 1,410 1,570 1,990 
160 2,050 2,240 2,860 160 1,180 1,320 1,670 
170 1,780 1,910 2,440 170 I,0I0 I, 110 1,420 
180 I,540 1,630 2,090 180 870 930 1,210 
190 1,350 1,390 1,800 190 760 780 1,030 
200 I, 190 1,200 1,560 200 670 670 870 
+210 1,060 1,060 1,350 210 590 590 750 
220 940 940 1,160 220 530 530 650 
240 760 760 910 240 440 440 520 
260 630 630 730 260 370 370 420 
300 450 450 520 300 250 250 290 


sponding safety factor above given, and then dividing the result by 
the desired safety factor. 

In case a column or strut is entirely free from bending actions due 
to causes other than a constant axial loading, then a constant safety 
factor of from four to six may ordinarily be used. 


Flat Plates 


The strength of flat plates in accordance with the formulas of Gra- 
shof and the experimental researches of Professor Bach may be 
determined from Table 17 by Eucrene MESSNER (Amer. Mach., 
Nov. 25, 1909). In these formulas 


E=modulus of elasticity. 

p=uniformly distributed load, lbs. per sq. in., 

P=total load acting at a point or over an indicated area, lbs., 
s=fiber stress due to bending, lbs. per sq. in., 

d=deflection, ins. 


dimensions of plates in ins. 


Regarding the accuracy of the formulas Professor Bach’s tests 
have demonstrated that the strength of the plates depends much 
on the fastening or support at the edges, the spacing of the bolts 
(for flanges, etc.), the forces exerted by those bolts (making a more 
or less elastic joint), the gaskets, the character of the tightening 
surfaces, etc. 

The formulas assume the supports to be as shown—a rigid support 
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TABLE 16.—SAFE Loaps For RECTANGULAR WOooDEN PILLARS 


(SEASONED). By the Carnegie Steel Co. 
Yellow pine (southern) White oak | White pine and spruce 
1125 925 | 800 
RB | 22 | en 28 ae 
ay Tr0od? oF r100d? “5s rr00d2 


/= length of pillar ins. 
d= width of smallest side ins. 


These formul give safe loads of one-fourth the ultimate strength 
for short pillars decreasing to one-fifth the ultimate for long pillars. 


Ratio of length Safe load in lbs. per sq. in. of section 
to least side 

l Yellow pine F White pine 
d (southern) Bet aea and re 

12 995 818 707 

14 955 785 679 

16 913 75° 649 

18 869 715 618 

20 825 678 587 

22 781 642 556 

24 738 607 525 

26 697 575 495 

28 657 541 467 

30 619 509 440 

32 583 479 414 

34 549 451 390 

36 516 425 367 

38 487 400 346 

40 458 377 326 


being truly rigid and the plate rigidly fixed to it—conditions that 
seldom obtain in practice. 

These formulas hold good within the limit of elasticity only. The 
rupturing loads cannot be found from them, this being doubly true 
in the case of ductile materials, such as boiler plate. With such 
materials the bulging under pressure leads to the formation of spher- 
ical surfaces and the destruction of the fundamental conditions on 
which the formulas are based. The formulas have been unjustly 
criticised because they do not agree with the results of tests carried 
to destruction, but such criticisms are based on a fundamental 
misunderstanding of the formulas. 

Plates of much size made of ductile materials begin to bulge under 
moderate loads, leading to a change in the fundamental conditions 
even within the elastic limit, and, with such materials, the formulas 
have less application as the diameter increases. The formulas are 
most applicable to brittle materials (cast-iron) for which there is no 
reason to suppose that they give other than the true fiber stresses 
within the elastic limit. If, with such materials, they lead, as they 
often do, to apparently excessive thicknesses, that should be taken 
as an indication that crowned and not flat surfaces should be used 
whenever possible and that, when flat surfaces must be used, they 
should be ribbed. 

Ribbing should be done judiciously, as otherwise it may do harm 
and not good. With narrow, and especially with shallow, ribs the 
concentration of stress on the edges of the ribs may be an added 
source of danger. Also, with cast-iron plates the ribs should, if 
possible, be on the compression side in order to take advantage of the 
greater strength of that material in compression than in tension. 

Calculation of the strength of ribbed plates is scarcely possible, 
judgment and precedent being the chief guides and a free use of 
material the only safe course. 
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TABLE 17.—STRENGTH AND DEFLECTION OF FLAT PLATES | 
a 5 Deflection in center | Cochicients Rese 
SUIT SG Maximum fiber stress due to bending Coefficients of plate | 
plate | For cast-iron max- 
i =0.17) i i ter 
=i = R4 p Cast iron $¢=0.17. imums in cen = 
ae ce ae oo ae 5 d=$ aXe | for steel at circum- 
loca gi Acs ane ference. 
7 : I | 
R R?P . | Use Naperian loga- 
s=0.43874 log = d=.22 BF | rithm for s. , 
Cast-iron¢=1.2 Rt 6 Cast iron $= .6 Maximum s in cen- 
: 2 pee E 
s= $5 Steel o=.67—.75 o=% BYE ter. 
ar .P Cast-iron $=1.44 ane R?P Cast-iron ¢=.4—.5 
s=¢ (x 3R) yt 


Cast-iron ¢= 2.26 
Steel ¢=1.10 


8+4n2+3n4 P 
S= $3 Font+3nt "A 


Cast-iron ¢=.76 


a2 » 
eer I+n? 


Cast-iron $=1.34 
Steel g= .86 


8+4n2+3n4 =P 
S= 9 ot onttani” 2 


Cast-iron $=.85 


1202 P 
S—? Rapp 


Cast-iron ¢= .38 
Steel o= 24 


Bb _P 
S= $ReTEX a 


Cast-iron ¢=2.63 


=p B2b2 pb Cast-iron $= .57 
- S= $ Boy pe pa Sica? | a ek 
KB 
lee Bb _P Cast-iron ¢= 3.0 
[: | Sax Bee 12 
bp P 
SS 


¢ for steel esti- 
mated. 


Cast-iron ¢= .109 
Steel ¢ = ,12 


Cast-iron ¢=1,32 


¢@ for steel esti- 
mated. 


Cast-iron $= .28 
Steel o= .18 


s=$% » 
s=$5 
s=$ 
s=$5, 


avery 
THEE tS 


Cast-iron ¢=1.5 


roa] 544 Se AGe 
iE 


Ss independent of 
B. Deflection 
only varies. 


¢ for steel esti- 
mated. 


s independent of 
B. Deflection 
only varies. 

Stayed plate. The 


formula is for one 
field. 


According to stiff/ness of cylinder or | 
riveted joint, 


Flat boiler head 
with round edges. 
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_ Taste 18.—Sare Loans In Tons oF 2000 LBs. FOR SQUARE WooDEN 
PILLARS BY THE CARNEGIE STEEL Co. 


Unsupported : 
length of ‘Size of pillar in ins. 
column in 
ft. 6X6 | 8x8 | 9X9 |toXrol12 X12 14 X14\/16 X16 
* White pine or spruce 
6 eZ PLOO|Raehetaver llr coeecs || eames al semen ie 
8 GAP O27. xoxo sf ceoichcllcio mold 
Io LOMOO Ea Tail 2OLOmpe sicin Gs Venta we learners «ele. 
£2 OeSALO nom 20 emis se ame AG Lk Silene ares 
I4 SPAO Eos AMO Malls CEO MeAQr Olly OOuO. |e arieae 
16 FeSO E7eOMlee3e De sOnd) |yAOnS'| 07.0410 L..0 
TS ePROW Nat WaSme2t Seo 1G) Aa | O25 188.0 
PKS p Gutine ull Lea ceeae TARE LOS | e2O0u5) [eAee SalO2, Ol S5ng 
DO eee an Sl eereeraa PO 2A eAOes i SOms vl S203 
24 eeeerl 22 Oes8) 2ulllesiconl @70). 4 
White oak “> 
6 TAS OOM cemiere Rell eto Hie avcva tle esse & rail lars 
8 TEAS Ol eZ Olin ANE Otel Een atityavte tts fauatte ibe lferee ee of elle egshiteer 
Io MORON SA AOMMMS 2 TA alt 4 UOln Sey Acie lla, diya so llom omens 
12 ECO (P2257 |e OCA We sOeL eh SOE letes aes 
14 Oe siterenl 24! 26849" SSO 7OSord Nea. . 
16 SHOMetO Tome 2Oe salad sOMISA.O 17728 || LOS tO 
18 ByOM te 2A ayes 2AM Ore hel 74. Sa TOs50, 
COMME Bsn. | 26.3)) 22.7 |-30.5 | 40.0 | 72.3 | -98.5 
22 Sencl Bisse RoR) ero se ae oyser) 04.7 
A RS) | ions Sao ae vs 205A) Age.) \s05 05 90.9 
Yellow pine (southern) 
6 ORO ote sin a ces Sl ee tae Leura (er ee 
8 Sepa eS a Ola le ek ONR Perey toca syere lone Ccezer es Mellin .c te oe 
Io AE OM E20 OMI SOSA NEGOO! te ccstetel|c acl suolle, ecoitiel. 
12 Peo Onl SOLO AT@O 1k 720i |e eee Gls diene 
14 LIMON ECS TOM s AS Ta AA ST Ml OOnTalOos.@, tse 
16 EOmAa eee 7a 22a air A2 23 05.5 ('O400) | T28 
18 Bie om e2O2z0n 1 6307501102508 00.7 9) 124 
20 EONS 27/19 | 37-0. | 56.8 1980.9 | 120 
22 eee eee ee tlh SAO) 5012" | S30 IS TIS 
24 ee AAR rerio ete (QO oy! 1 2 3h |e SOvOup TILT 


Combined Tension and Shear 


The combination of direct tension or compression with shearing 
stresses may be made by means of Fig. 8, by E. R. Douctiass (Amer. 
Mach., July 10, 1902). 

Among the cases covered by the chart are those of shafts transmit- 
tiag power and at the same time carrying heavy weights or acted on 
by overhung cranks and the like. The actual maximum stress at 
any point will be greater than that due to either the torsion or the 
bending alone, and will be exerted in a direction different from either. 

Suppose the stresses to be combined are a tension T acting per- 
pendicularly to the plane of a shearing stress S, these values express- 
ing intensities, such as Ibs. to the sq. in. For convenience the 


5 Aye 
left-hand half of the diagram is plotted for 7 to be used when S is 


Ih 
less than 7, and the right-hand half is plotted for —’ to be used when 


Sis greater than T. Then, P being the maxiinum resultant tensile 
“stress and Q being the maximum resultant compressive stress, at 


ee x US Q 
right angles to P, the values of the ratios 7 and g ors and 5” and of 
the tangent of angle x between P and T may be read at once in terms 
oro 
of 7p ors 


Had the original stress 7 been a compression instead of a tension, 


4 epee et. 
it va 
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P would have been a compression and Q a tension, « still being the 
angle between P and T. 

As an example of the use of this chart, suppose that in some case, 
as that of the shaft mentioned above, there is found to exist at a 
certain point a tensile stress of 8000 Ibs. per sq. in. and a shearing 
stress of 3600 lbs. per sq. in. in a plane perpendicular to the tension. 
Consulting the diagram we find - = 


Q 
1.175, 7 =-175, and tan #=.38. Then the maximum resultant 


no) a, Eki 
The ratio TPIS goog? OF +45: 


tension P=1.175X8000=9400 lbs. per sq. in., and its direction 
makes an angle whose tangent is .38, or 20° 50’ with the original 
tension, while there also exists a compression Q, normal to Prof 
value .175 X 8000 =1400 lbs. per sq. in. 


1.5 a roe 1.5 
6 “EY 
€. 8 
8 128 25, il 
a & Rag? Ei 
A Lee i. ms as 
oe wae iS . 
B10 Tre L.0 
| cl 
elk | ! as zs se Gln 
3 amie a PGs re) 
. t 2m - 
Al Ht Boeeee 1S. Alea 
om i ‘ 
Ss SS i EH 6 § 
g 5 zs cen 5 
a PTT ie LI ig 
> BEER V6 = 
setae teecteatt anttesatanti 

ES | 

S? Ba 

sa 

eles 
0 Se 1.0 : : 
oa 1.0 : 
WEEE UP Value of a 


S 
Fic. 8.—The combination of direct and shearing stresses, 


The material must safely stand a stress of 9400 lbs. per sq. in. in 
the direction found. 
Had the original tension been, for instance, 3000 lbs. per sq. in. 


and the shearing stress 7500 lbs. per sq. in., we would have taken 


T 3000 . S ; : 
ee instead of 7 as in the former case. Corresponding 


S 7500 
P, 
to >=.4 we find, in the right-hand side of the diagram, gt? 
Oe 
a tan «=.82. 


Whence P=1.227500=9150 lbs. per sq. in. maximum tension, 
making an angle of 39° 20’ with the original tension. Q=7500X.82 
=61s0 lbs. per sq. in. compression at right angles to P. In this 
case the resultant tension is more than three times the original one. 


Punch and Shear Frames 


The strength of cast-iron frames for punching and shearing machines 
formed the subject of experiments by Pror. A. L. Jenkins (Trans. 
A.S.M.E., Vol.32). Model frames were made and tested to destruc- 
tion, test bars being cast with and as part of the frame castings in 
order to avoid assumptions regarding the strength of the iron. 

Although the experiments are not sufficiently exhaustive to 
justify rigid conclusions, they seem to indicate that the following 
statements are approximately true: 

(a) There is no rational method for predicting the strength of 
curved cast-iron beams suitable for punch and shear frames, 
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(b) Of the three formulas suggested for the design of punch frames, 


the well-known beam formula, 


in which S =unit tensile stress, 
M =bending moment=WL, 
c=distance from the center of gravity of the section to 
the most extreme fiber in tension, 
W =load applied, 
A=area of the section considered 
L=distance from the line of apphcation of the load to the 


center of gravity of the section considered, 
I=moment of inertia of the section, 
K =radius of gyration, 
is the most accurate statement of the law of stress relations existing 


in such specimens. 


a 


q 
Vy) 


SSS 


j 
/ y Y / 
mm) ey, 


Fic. o.—Correct and incorrect sections of punch and shear frames. 


(c) The stress behind the inner flange at the curved portion is an 
important consideration that should be recognized by the designer. 

(d) There seems to be no definite relation existing between the 
strength of a curved cast-iron beam and the transverse strength of a 
test bar cast with it. 

(e) The Résal and Pearson-Andrews formulas are unwieldy and 
awkward in their application and offer many chances for error. 

According to Wilfred Lewis, punch and shear frames, when made 
with the section shown at the left of Fig. 9, break on the line ad, 
whereas, when made with the section shown at the right, he has 
never known them to break. 


Hoisting Hooks and Lifting Eyes 


The dimensions of hoisting hooks of trapezoidal section may be deter- 
mined from Fig. 11 by Axel K. Pedersen, analytical expert, of the 
General Electric Co. (Amer. Mach., Dec. 26, 1912). The charts 
are based on Bach’s theory of curved beams. They impose one 
restriction, namely, that the section MN be a trapezoid. Most 
hook sections, especially those of large hooks, can be transformed 
into a trapezoid without serious error by the method shown in Fig. ro, 
which shows in full lines the actual shape of the important hook sec- 
tion, which then is transformed into the trapezoid shown in dotted 
lines. Only a very small reduction of the actual dimension H; is 
required, it being sufficient that the area a,-ay is approximately 
equal to the area as, this being done by the eye of the observer with- 
out any refined measurement. The reduced dimension H and the 
increased dimension B are then used in the calculation. In designing 
new hooks, the theoretical dimension H is increased to H; and B 
decreased to By. In calculating, the selected, or actual inner radius 
of the hook, may be used without regard to the change of H. 

The proposed capacity of the hook P in Ibs, being given, we 
select the radius of the inside of the hook, Chart 1, Fig. rr, A, in ins. 
On the chart a table gives the practice of the Pawling & Harnisch- 
feger Co. for this dimension. From these data and the allowable 
maximum tensile stress, s in Ibs. per sq. in., we can proceed in the 


following two ways in determining the dimensions of the important 
hook-section, MN. 
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(x) Calculate the dimension B in ins. from 

B=.0225\/P (a) 

To facilitate this calculation, curve No. 1, Chart 2, Fig. 10, was plotted, 

giving the values of B for different loads P. As the dimension Di, 
the shank of the hook, usually is calculated from 


Di=.a225\/ P 


which is identical with (a), we shall, after transformation, have the 
final dimension B; smaller than D:, which is considered good practice, 
resulting in easy manufacture. Then select the ratio x=H+A 


from which then 
H=Ax (b) 


Suitable to most cases is x=2 to 3. 
Calculating the factor C from 


C=BHS (c) 


we use Chart 1 as follows: Locating C on its scale we trace parallel 
to the ratio z-scale to the curve giving the proper ratio x, thence 
horizontally to the left to the z-scale and read the value z. Then 
b=Bz (d) 
The larger the ratio x is selected the smaller we will get 6, which is. 
preferable as it tends to keep the weight of the hook reasonably low. 
(2) The second method which can be employed, is the following: 
Select as before the ratio x which then gives 


Then, calculate the ratio z from 
I 
aro (e) 
this relation between z and x usually resulting in good proportions 
of the hook-section. It may, however, be especially noted, that the 
chart can be used for any value of z; in other words, that it is not based 
upon any fixed relation between z and x. Now, locate this value of 
z on the z-scale, trace horizontally to the right to the proper curve 
for the value of x, thence vertically down to the C-scale and read the 
factor C, then 


PC 
=a (7) 
and 
b=Bs (g) 


For determining the general dimensions of the hook, the following 
relations may serve as a guide: 

D,= 10225\/P as alreadystated. Ds:=.875Di1,W=1.5A,4=.75H 
to .ooH, I, =2.3A to 2.6A, L2=4.3A to 4.54. 

The calculation of B according to equation (a) is, of course, not 
necessary; however, for the reason above stated, the method gives ° 
very practical results. In calculating the dimension B or D, from 
(a) or determining it from curve 1, the nearest size of commercial 
available iron should be used, if the hook is to be forged from round 
bar iron. 

The material for a new hook should preferably be a high-grade of 
iron rather than steel. 

Most steel hooks, if overloaded, break without warning, giving no 
slow visible deflection as is the case with iron hooks, which open up 
gradually before ultimately breaking. 

For hooks made from a high grade of iron and properly heat- 
treated, a maximum tensile stress of 17,000 lbs. per sq. in. may safely 
be allowed. 

To check the capacity of existing hooks, measure the dimensions 
A, H, B and 6, using the transformed section as already explained, 
Fig. 10. Then, calculate the ratios x=H+A andz=b+B. Locate 
2 on the z-scale of the chart, trace horizontally to the right to the 
curve giving the proper ratio x, thence vertically down to the C-scale 
and read the factor C, then 


BH 
P="G s (hk) 
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if the capacity of the hook for a given maximum unit stress is required, 
and 


S= By (i) 


if the unit stress at a given load must be determined. Of course, 
the properties of the material from which the hook was made pone 
unknown, the allowable maximum stress shoild be selected rather 


conservatively, an average value of 15,000 lbs. per sq. in. insuring 
reasonable safety. 


Fic. ro.—Transformation of the actual hook section into a trapezoid. 


It will be observed that the chart gives solutions for all trapezoidal 
sections for values of z=0, that is, a triangle up to z=1., thatisa 
rectangular section. The compression stress at the back of the hook 
at the dimension 6 in no case will exceed allowable limits, even for a 
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Examples: Design a hoisting hook of 50-tons capacity, when 
the radius of the inside of the hook A=s ins., and the maximum 
allowable tensile stress 5 =17,000 lbs. per sq. in. 

According to the first method of calculating we would have from (a) 


B= .0225%/ 100, 000 = 7.115 ins. 
Say B=7 ins., which also could have been determined from curve 1. 
Selecting «= 2.2 we get from (b) 
H=2.2X5=11 ins. 
Then from (c) 
000 


C= 7X11X— = 


= 13.09 ins. 
100,000 one?) 


Now using Chart 1, we obtain z=.25. Hence from (d) 


b=.25X7=1.75 ins. 
Using the second method, we would for «=2.2 have H =xA =2.2X5 
=11 ins.; then from (e) 
sae =.31 ins. 
Hence from Chart 1, C=12.7; and then from (f) 
100,000. 12.7 


B= 77,000 US ea 788 ins. 


z= 


and from (g) 
b=.31 X6.788 = 2.104 ins. 


Thus, the two methods do not give identical proportions of the 
hook section. Whichever is to be preferred depends entirely upon 
the individual judgment of the designer, the aim being to combine 
strength with lightness and good appearance. 

Determine the capacity of a hook of the following dimensions: 


triangular section In other words, the hook will fail only if too H,=3.125 ins., Bi=1.75 ins., b=.5 in. and A=1.25 ins. After 
high tension stresses are allowed. (Continued on paze 4£9 first column) 
Dimension D,, Ins. 
4g 6 5 4 3 2 1 0 
= = =P) 
Table for the Dimension A pe onal 
P = 5,000-10,000-15,000 -20,000-30,000-40,000-50,000 120,000 
ae 1’ 17," 21%" oy" 3 4 3y’ 334" 
P= 60,000 - 80,00 - 100,000 - 120,000 Age 
Mie 434" 5” 5’ 
100,000 
M 90,000 
B. Curve No.1 for 50,000 
Determining Dimension Di 
90 or the ‘Theoretical 000 
Dimension B = 
-80 60,000 
\ 4 
70 <5 50,000 '& 
r 4 ra 
by | 1 
5 .60 ce Neen 40,000 a, 
29 or t L am L 
& .50 < NE Le eee 30,000 
a Ss 4 ad 
MH M Yo. 
© .40 SR 20,000 
3 < aa Pl : ied 
i} R 
10,000 
aa Chart jl > ieee 
3. faa eae Taal [| 
R) > 
-20 ORNS Sr 0 
~ Sal 
10 
a 5 12. 13. 14, 15. 16, lM. ig, 9, 20. 


Values of Constant C 


Fic. 


11.—Dimensions of hoisting hooks of trapezoidal section- 


Ohya ey 
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STRENGTH OF MACHINE PARTS 


transformation into a trapezoid, we measure H =3 ins. and B=2 
ins., hence | 


Bs i ae 
*A 3.25 a 
and 
baer 
het be ae 25 ‘ 


Then using the chart we find C=12.925, and allowing a stress of 
5=16,000 lbs. per sq. in. we get from (h) 
AE EELS: 
CAC ETC 


X 16,000 = 7,427 lbs. 


If this same hook were to be used as a 4-ton hook or for P = 8,000 lbs. ' 
we would have the stress from (i) 


" PC _8000X 12.925 


Bie 


2X3 =17,233 lbs. per sq. in. 


— 
‘pl 


Fic. 12.—Hoisting hooks of circular cross section. 


The dimensions of hoisting hooks of circular cross-section may be 
determined from Fig. 13, also by Mr. Pedersen and, like the preced- 
ing chart, laid out in accordance with Bach’s formula. The chart is 
applicable to any of the hooks shown in Fig. 12. Directions for use 
will be found below the chart. 

The dimensions of eye bolts and lifting eyes may be determined 
from Fig. 14, by Mr. PEDERSEN (Amer. Mach., May 18, 1911). The 
_ chart is the outgrowth of experiments at the testing laboratory of 
the General Electric Co. 

The chart applies to the cases shown in Figs. 15, 16 and 17 and 
determines the dimension D inins., having given A and (for Fig. 15) 
B in ins., P, the load, in lbs. and s, the maximum allowable tensile 
stress, in lbs. per sq. in. occurring in the eye. 7, Fig. 15, is one-half 
the angle which includes the unyielding part of the eye. For Fig. 
17, the angle T =o and for Fig. 16, T=90 deg. 

Calculate the factor: 

ms A? 
=> 
using the value m= 2 which was deduced from the experimental tests, 

Locate F on the F-scale and trace parallel to the Z-scale to the 
proper curve among the curves for the sine of T and read the value 
of Z on the Z-scale. Then the dimension D is 


D=ZXA 


To employ the proper curve for the sine of 7, the following rules 
must be observed: 

For Fig. 15 calculate the value of sine of T approximately from 
sine of 7;=the ratio B+ A. 

For Fig. 17: Use the curve, sine of T=O. 

For Fig. 16: Use the curve sine of T=1.0. 

Allowable stresses: 

For the eye: Maximum stress allowed = of the elastic limit of 
the iron used. 

For the shank: Maximum stress =} of the elastic limit of the iron 
used. 

Example: Assume an eyebolt for 60,000 lbs. load, having an inside 
diameter of eye of 6 ins. Elastic limit of iron used, 30,000 Ibs. per 
sq. in. 
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Allowing a stress in the shank =} 30,coc 
= 10,000 lbs. per sq. in., 
we find the diameter at the root of the thread to be 2. 77 ins., giving 
B=3+% ins., U. S. Standard. 
Allowing a stress in the eye =# 30,000 
=12,000 lbs. per sq. in., 
the factor F becomes: 


ms A# 
ia" P 
__ 2X 12,000 X 6? 
7aule69,000 
=14.4 
18) 6 2.08 
Also sin we oe ee 54 
Now using the chart, the value of Z is found to be 
Z=.479 
and D=ZXA=.479X6= 2.874 
= 2% ins. 


Giving each of the three lifting tools, shown in Figs. 15, 16 and 17, 
the same dimensions, A=6 ins. and D=2%, as in above example, 
and denoting the factors F1, Ff, and Fs; and the loads P;, P, and Ps, 
respectively, the relative strength can be ascertained by locating 
Z=.479 on the Z-scale, and reversing the method of using the chart, 
determining the factors F1=14.4 (for Fig. 15), Fo=17 (for Fig. 17) 
and F3;=11.45 (for Fig. 16). Then according to formula 

_ ms A* 
7 2 
and for equal stresses, we have the proportion: 


Lgewe Thee 
Fy gt gat aa AS a ©, 2 TT 
1: Fy: Fs=p- tpt p= 14-3 117-01 11.45 
or for P=60,000 lbs. (for Fig. 15), we get 
F 
P.= 5 P1= 51,000 Ibs. 
(for Fig. 17), and 


F 
Pi= P= 75,500 lbs. 


(for Fig. 16). 

In calculating the shank of the eyebolt, account should be taken 
of any bending action of the load. Even for straight lifts, that is, 
lifts in the direction of the shank, it is practically impossible to avoid 
this bending tendency; only a low stress should therefore be allowed. 
For straight lifts a maximum stress in the shank equal to one-third 
of the elastic limit of the iron may still be considered safe. 

If two or more eyebolts are used in connection with slings, the 
shank is subjected to heavy bending and shoulder eyebolts or a 
suitable spreader should be used, whenever possible. If shoulder 
eyebolts are employed, care should be taken to have the shoulder tight 
against the part to be lifted; this is often neglected. Generally, 
however, straight-shank eyebolts are used and, to avoid accidents, 
stronger eyebolts must be employed than for straight lifts. 


India Rubber 


The stress-strain relationship of india rubber, vulcanized for elas- 
ticity, which is unique among constructive materials, was investigated 
by Dr. R. H. Thurston and is presented in Fig. 18 (Science, 1898). 
It is a matter of common observation that, when this substance is 
subjected to a pull of steadily increasing intensity, its resistance 
increases, as does that of any elastic and ductile material; but that, 
at the end, instead of suddenly losing power of resistance, or even 
snapping without observable decrease of load, its resistance for a 
time rapidly and largely increases up to the point of rupture. This 
can be readily felt in even the breaking of one of the small bands of 
partially vulcanized rubber so universally employed for filing papers 
and other purposes. At the end of the period of extension the 

(Continued on page 401, first column) 
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I'1c. 14.—Dimensions of eye bolts and lifting eyes. 
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resistance rises so rapidly as to produce the sensation of bringing 
the hand up against a rigid obstacle, resisting further elongation. 
Fig. 18 shows the property as determined in a testing machine. 
The substance behaves precisely like other familiar materials, up to 
-a point which, in this case, is found at a load of 30 per cent. of the 
maximum, the breaking load, and at an extension one-half the max- 
imum. At this point there exists a reversal of the line, and the cur- 
vature is thence maintained convex to the axis of X, up to the point 
of rupture; fracture taking place, at the end, sharply and without 
any indication of that method of flow of the mass which, in the case 


500 


100 cE 


1 2 3 4 5 6 ff 
Stretch per Unit Length 


Fic. 18.—Stress strain diagram of india rubber. 


of the irons and softer steels, for example, permits a falling off of 
resistance after passing a point of maximum tenacity well within 
the breaking limit, The ratio of increase of load to increase of elon- 
gation steadily increases from the zero point, as with all substances, 
other than iron and steel, so far as known, up to this point of contrary 
flexure on the diagram, at which place the ratio is inverted and resist- 
ance increases in greater proportion than extension, finally assuming 
a comparatively high value. 

India rubber exhibits none of the phenomena giving the character- 
istic form of the diagrams of the irons and steels, Even when 
stretched to the point of rupture it restores itself very nearly to its 
original dimensions, and gradually recovers a part of the loss of 
form at that instant observable, 
form when relieved from load, and especially when in the shape of 
springs such as are used on railway trucks, constitutes one of its 
most valuable properties, Like cork, when confined laterally it is 
practically incapable of distortion when used as a spring. The 
volume of the mass remains, so far as can be seen, constant, or 


nearly so, 


Materials and Constructions for Resisting Shock 


The former universally accepted dictum that the capacity of a 
material for resisting shock is measured by its toughness is now known 
to be erroneous although still believed by the poorly informed. Its 
fallacy was demonstrated by experience with steam hammers and 
rock drills. 

The property which determines the capacity of a material to resist 
shock is resilience. Not toughness, not elongation, not reduction 
of area, not ultimate strength, not any possible property developed 
after the elastic limit has been passed, but resilience—the energy 
absorbed during the deformation of-a piece of material when stressed 
to the elastic limit—is the property that measures the capacity of that 
material to resist shock without damage to itself. 

This property of resilience is mentioned in books on the strength 
of materials, but little more than mention is made of it, while tables 
of the resiliences of various materials are not to be found in either 


Its almost complete stability of © 
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treatises or reference books. The importance of the property has 
been universally overlooked in engineering literature and information 
about it is correspondingly meager. For these reasons some ele- 
mentary facts about it are given here. 

Fig. 19 is a stress-strain diagram of a piece of steel. The vertical 
ordinates represent stresses and the horizontal ordinates elongations. 
The diagram is essentially of the same character as an indicator card, 
the area under the curve at any point representing the work done in 
stretching the piece to the elongation under that point. The area 
under the entire curve up to the breaking point represents the work 
done in breaking the piece, while the area of the triangle ending at 
the elastic limit represents the work done in stretching the piece to 
the elastic limit, this work being the resilience of the piece.1_ If the 
piece is of unit cross-section and of unit length—that is, of unit 
volume—the area of the little triangle becomes the measure or 
modulus of resilience of the material, and this modulus is the direct in- 
dex of the capacity of the material to resist shock. 

The only definite unit by which to measure the magnitude of the 
blow of a steam hammer, for example, is the unit of energy. A 
hammer head of a given weight moving at a given velocity contains 
an amount of energy corresponding to this weight and velocity. 
This energy is expended on the piece of work on which the hammer 
falls, and measures the magnitude of the blow. 

If the energy of a blow, or shock, expended on a piece does not 
deform the piece beyond the elastic limit, the energy is restored by 
the recovery of the piece, the action being like that of a spring under 
the influence of a force that does not produce apermanentset. In- 
deed, not only is the piece like a spring, it zs a spring; a very stiff 


a 
80,000 
370,000 
n 


360,000 


250,000 
550, 


is] 
ze 40,000 


ate 


b 


0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 
Proportionate Elongation 


-———-— P Lbs,--——- 


f 
2 
| 
| 
| 


als a 
30,000,000 1 
Fic. 19. Fic. 20. 
A stress-strain diagram and magnified beginning of it. 


spring, indeed, but still a spring. If, however, the piece is deformed 
beyond the elastic limit, the case becomes one of a spring under a 
load that gives it a permanent set, and if this force be repeated a 
sufficient number of times, failure results. 

From this it should be clear that the material that will resist the 
greatest blow is one having the greatest resilience, which, as will be 
shown presently, is measured by the elastic limit. Since high-carbon 
steel has a higher elastic limit, and hence higher resilience, than low- 
carbon steel, the former is the superior material and, by the same 
token, tempered is superior to untempered steel, because the effect 
of tempering is to raise the elastic limit and, with it, the resilience. 

The most constant of all the properties of steel is the modulus of 
elasticity, which remains at about 30,000,000 for all percentages of 
carbon, for the tempered and untempered conditions, and for alloy 
steels alike. This means that—the horizontal and vertical scales 
of stress-strain diagrams being supposed constant—the angle cob, 
Fig. 19, is fixed for all grades of steel and that the area of the triangle 

1 Throughout this discussion the difference between the elastic limit and the 
yield point has been ignored. Strictly speaking, the argument applies to the 


elastic limit, but, being more definitely known, the yield point is used when 


comparing steels. The difference is unimportant. 
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varies with and may be determined from the elastic limit alone. 
This, however, is not all of the story. Ate strength of a piece at the 
elastic limit is represented by the length of the line, while the resilience 
is represented by the area of the triangle. The angle cob being 
constant for all grades of steel, all triangles for stresses under the 
elastic limit are similar triangles. Since the areas of similar triangles 
are to each other as the squares of their like sides, it follows that the 
resiliences of two pieces of steel are to each other as the squares of 
their elastic limits—a steel having fwice the elastic limit of another 
having four times the resilience, or shock-resisting power, from which 
we see at once the enormous value of high elastic limit for this pur- 
pose—a value that is far in excess of that for resisting simple static 
loads. : 

The same reasoning that shows high-carbon to be superior to low- 
carbon steel in shock-resisting power shows also tempered to be 
superior to untempered stecl. Tempered steel is, however, avery 
general term. Our knowledge of the variation of resilience with 
grades of temper is too limited to enable us to say what grade of 
temper has the greatest resilience. The general differences between 
tempered and untempered steel are increased elastic limit and ulti- 
mate strength and reduced elongation, with no change in the modulus 
of elasticity, but we do not know if the resilience continues to in- 
crease as the degree of temper increases. Experience with springs 
shows a comparatively mild temper to be necessary, and this is gen- 
erally believed to be due to the need of some toughness. Until 
we know more exactly the relation between temper and resilience it is 
an open question if reduced resilience at the higher tempers may not 
be the real explanation of the suitability of a mild temper to spring 
service. Under accidental overloads toughness may prevent break- 
age by substituting permanent set, but it is certainly difficult to see 
how a property that is not developed under proper working loads can 

‘have any value under such loads. Regardless of such considerations, 
however, it is reasonable and safe to infer that the temper best suited 
to springs is also best for shock resistance. 

While the determination of actual stresses due to shock is scarcely 
feasible, it is, nevertheless, easy to compare the relative values of 
materials to resist shock through their moduli of resilience and to 
select the best. Tables of these moduli are not common, but their 
calculation, given the elastic limit and the modulus of elasticity, is 
a simple matter. 

When we say that the modulus of elasticity of steel is 30,000,000, 
we mean that a force of 1 Ib. will stretch a piece of steel of x sq. in. 


cross-section by the part of itslength. Let Fig. 20 repre- 


30,000,000 
sent the beginning of a greatly magnified stress-strain diagram of a 
piece of steel, the length of which is x in., the cross-section 1 sq. in. 


and the load upon it 1 Ib., the stretch being, as has just been said, 
I : 6 : A ° 
Patcos oso in. The work done by this pound in stretching the piece 
is represented by the triangle abc, Vig. 20, being 
I 


30,000,000 60,000,000 


Work done=146x1& 


in.-lbs. 


The angle cab being fixed and the areas of tridngles for other loads 
being as the squares of the loads, we have, for any other load P less 


than the elastic limit, the area of the triangle ade, or 
2 


Work done = 


in.-lbs, 
60,000,000 


Placing for P the strength of the material per square inch of section 
at the elastic limit, we obtain the modulus of resilience. 
an elastic limit of 30,000 lbs. we obtain: 


Thus, for 


2 
Modulus of resili Se ee ean all i 
silience Secor ie Ibs. per cu. in. 
There is a surprising lack of published information regarding the 
properties of steels as influenced by the carbon content above about 
50 points carbon. 


Dr. Henry M. Howe has generously placed at the author’s dis- 
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posal some unpublished data from which the yield points of Table 19 
have been taken and by calculation in accordance with the above 
formula the moduli of resilience also given in the table have been 
obtained. Strictly speaking, these moduli should be obtained from 
the elastic limits, but in their absence the figures obtained from the 
yield points are necessarily used and, for purposes of comparison, 
answer every requirement. 


TABLE 19.—RESILIENCES OF OPEN-HEARTH CARBON STEELS — 
Yield point | Modulus of resilience 


Percentage of carbon | 


0.10 32,000 USS 
0.20 38,500 ai 
0.30 45,500 34-5 
0.40 52,000 | sale Se 
0.50 58,500 57-0 
0.60 65,000 | io 
0.70 71,000 84.0 
0.80 ) 76,000 96.3 
0.90 82,000 II2.0 


Of the desired properties of alloy steels exact knowledgeis naturally 
more meager than of carbon steels. Under suitable heat treatment 
they give remarkable results and their superiority as relates to 
shock resistance has been amply demonstrated in rock drill work. 
The resiliences of two of these steels of the highest types are given 
in Table 20, the figures for Type D vanadium steel being for this 
material as heat treated for use in springs. It should be noted, 
however, that the American Vanadium Co. does not recommend such 
a steel as this for steam-hammer piston rods, its recommendation 
for that purpose being a steel having an elastic limit of 80,000 Ibs. 
and an elongation of 20 per cent. 

To what extent this recommendation is the result of elimination 
tests of steels of higher resilience, the author is not informed. It is 
even possible that it may indicate a survival of the old belief in 
toughness. ‘ It must be remembered that the property of resilience is 
almost ignored in the testing of materials. Transverse bending tests 
to destruction of pieces under alternating or revolving stresses can 
throw but indirect, if any, light on this property. Direct-shock 
resistance-testing machines would be easy to design and make, but 
they are not in use. 

Other alloy steels give equally promising indications of possibilities, 
and Table 20 includes also the properties of duplex-gear steel No. 1, 
made by the Crucible Steel Co. of America. It will be understood 
that the different combinations of properties are obtained by varia- 
tions in the heat treatment. ; 

If these figures look extraordinary, it must be remembered that they 
are no more so than the working results. ' 


TABLE 20.—RESILIENCES OF ALLOY STEELS 
| : esmdeatss 


Gastar eees | Elastic Elongation in Modulus of 
limit! | 21n., percent.| resilience 

Type D, vanadium. . ; f wide, ine | ae 

\ 225,000 10 844 

( 125,000 20 | 260 

Duplex Gear No. 1... .! 195,000 13 / 634 
; ‘ 

| 220,000 | fe) 806 


Forms and Dimensions of Parts to Resist Shock 


Not only is the selection of a grade of steel for resisting shock based 
on different principles from the Selection for resisting static loads, 
but the determination of the forms and dimensions is based on equally 
different principles. The determination of dimensions to resist 
static loads involves little more than proportioning the smallest 


So given; in fact, probably the yield point. 


section to the load, but such a procedure is but a beginning when 
shock is to be resisted, 

While the capacity of a given hammer to deliver blows can be 
measured in units of energy only, it is nevertheless true that the 
hammer-head exerts a certain: pressure on the work which can be 
expressed in pounds. The amount of this pressure is not, however, a 
fixed quantity for any given hammer, its value being dependent on the 
space moved though during the destruction of the velocity of the 
hammer head. To find the energy when the force and the space 
moved through by it are given, we have the universal equation, 

Energy = force X space, 

and, similarly, if the energy and the space are given, the equation for 
the force becomes, 

energy 

space 

from which it is clear that the force exerted by a hammer head con- 
taining a given amount of energy grows less in proportion as the space 
moved through in stopping the hammer is increased. The force 
found by the formula is, of course, the mean and not the maximum. 

This points out at once the universal expedient to be followed in 
designing parts to resist shock—make the space moved through in 
absorbing the shock as great as possible. To the extent that this space 
can be increased, to the same extent will the force resulting from the 
shock be reduced. To put it in another way, recalling the fact that a 
piece under shock is a spring, the aim should be to make it as flexible 
a spring as possible, since any device which increases the stretch dur- 
ing which the shock is absorbed reduces the force which the cross- 
section must resist and hence, if need be, the cross-section itself. 


Force = 


iG. 22: 


Fic. 21. 
Strengthening a bolt by removing some of its material. 


In Fig. 21 is represented a bolt suspended from above and sur- 
rounded by aring weight a, the dropping of which produces a shock by 
its impact on the lower nut. The energy of the blow being fixed, its 
force is determined by the stretch of the body of the bolt, while it 
must be resisted by the section 6 at the root of the thread. The body 
of the bolt has a surplus of strength over that at b, and since the 
strength of a chain is determined by its weakest link, the surplus 
strength of the body does not add to the strength of the bolt. By 
reducing the diameter of the body to that at the root of the thread, 
Fig. 22, the static strength is unchanged, but the body of the bolt, 
considered as a spring, is made more flexible and the stretch under a 
given blow is increased. As has been explained, this reduces the 
force of the blow and, hence, the stress on the section 6. Put in 
another way, the bolt of Fig. 22 will endure a heavier blow than the 
one of Fig. 21, and we have the apparently paradoxical, but never- 
theless sound, conclusion that in effect, and as against shock, the bolt 
has been made stronger by removing some of its material. One of Dr. 
Sweet’s aphorisms expresses this conclusion in the briefest possible 
way—‘ Make the piece weaker where it doesn’t break.” 

The principle illustrated by Figs. 21 and 22 may be put in per- 
fectly general.form as follows: Whatever the nature of the stress a 
body to resist shock should have the form of uniform strength. 


STRENGTH OF MACHINE PARTS 


493 


To continue the spring analogy, this change in the diameter of body 
of the bolt is equivalent to making a helical spring of smaller wire. 
Such a spring may also be increased in flexibility by increasing 
the number of coils, that is, the total length. To this change in the 
spring there is, with the bolt, a perfectly analogous change, namely, 
to make the bolt longer. Such increase in the length of the bolt will 
obviously increase the stretch under a given blow and reduce the 
force of the blow, precisely as the reduction of the body diameter re- 
duced it. This principle may be put in brief form by saying that, in 
such a bolt and as against shock, increase of length is just as useful as 
increase of sectional area. 

This conclusion is in strict agreement with the meaning of resili- 
ence. ‘The modulus of resilience is the number of units of energy 
absorbed per unit of volume of the material, the resilience of any piece 
being equal to the modulus for the material multiplied by the units of 
volume of the piece, regardless of any one of its linear dimensions. 


Fic. 23.—The use of long bolts for resisting shock. 


There principles are illustrated and confirmed by successful and 
unsuccessful constructive details of rock drills. In the early 
days of the rock drill industry, when the author was connected 
with it, one of the problems was to keep the front cylinder head on the 
cylinder. The head was at first fastened to the cylinder in essen- 
tially the same manner as steam-engine cylinder heads, the only 
difference being in the use of through bolts instead of studs, in order 
to facilitate the renewal of broken bolts. In the operation of a rock 
drill, it is impossible to avoid an occasional sharp blow of the piston on 
the front head instead of the intended rock, and the bolts described 
suffered in consequence. A rubber buffer ring was placed inside the 
cylinder to receive these blows, but apart from the destruction of the 
buffer by the oil, it did not prevent the frequent breakage of the bolts. 

The difficulty was overcome by the construction shown in Fig. 23. 
Instead of separate short bolts for the two cylinder heads, two long 
bolts, or side rods, a and 6 were carried down the sides of the cylinder, 
connecting the two heads and securing both to the cylinder in the 
manner shown. At their upper ends they were connected by a cross- 
piece, between which and the back head was placed the rubber buffer. 
With this construction the difficulty of broken bolts vanished, and 
after what has been said, the reason is clear. ‘The increased stretch 
of the bolts due to their increased length reduced the stress to a figure 
which the bolts could carry. 

After the consolidation of the Ingersoll and Rand interests, the 
cross-piece and buffer construction was replaced by the steel springs 
¢, as shown, but the breakage of the bolts was overcome by no other 
change than the increase in their length. 

Along with breakage there goes another effect of shock—the rattl- 
ing apart of fastenings, especially screws and nuts. While, of course, 
less serious than breakage, this action was an unmitigated nuisance 
during those pioneer days, and again the experience gained is of wide 
application. ‘The solution of this is essentially the same as that of the 
breakage problem—make the parts elastic, give the resilience a chance 
to act. If the parts are to be bolted together, make the bolts as long 
as possible and no larger in diameter than necessary. If a bolt can- 
not be long, introduce a spring piece under the nut and subject to its 
pressure. 

The simplest and most generally useful of these spring pieces is 
the elastic lock-spring washer originally introduced for use on railroad- 
track bolts. Its security is not absolute and it should not be used 
where life depends on its action, but its great usefulness has been 
demonstrated in rock drill work. The frame by which the cylinder is 
supported and on which it moves forward for the feed has on each side 
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a bolted on slide or gib a, Fig. 24. The bolts b must be short and in 
consequence the nuts constantly rattled off. This annoyance was 
reduced to a negligible amount by the spring washers c under the nuts. 
The author has repeatedly seen machines come back after such an 
amount of use as to require general repairs, with every bolt, nut and 


Fic. 25.—Unsuccessful rigid construction. 


washer in place and so covered with mud and rust as to show that they 
had never been disturbed. 

One of the most annoying of the details of the early machines was 
the chuck—the device at the end of the piston rod for gripping the 
long piece of drill steel. A simple way to grip the steel would be by 
a setscrew through the body of the chuck, but such a construction 
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would rattle loose almost as fast as it could be tightened be ause it 
lacked the element of elasticity, and device after device failed for the 
same reason. One such failure is shown in Fig. 25. 

The successful chuck—now in universal use—is shown in Fig. 26 
and, while a simple thing, it is based on sound philosophy. Thes 
and overhang of the U-bolt a combined with the elasticity of the ke 
b, with its cut-away center and end bearings on the steel shank by 
which it acted as a spring piece overcame the difficulty. 


Fic. 26.—Successful elastic construction. 


Another illustration is the standard, d, Fig. 24, one of which is 
placed on each side of the frame, the two being connected at their 
upper ends by a cross-piece carrying the upper end of the feed screw. 
Formerly the standards were bolted to the frame by a nut located 
immediately under the boss e but, so placed, the nuts constantly 
rattled off. The addition of the long (and slender) tail jf and the 
location of the nut at g introduced the necessary elasticity and the — 
trouble ceased. 


WEIGHTS AND MEASURES 


While the British continue to use certain ‘units of measurement 
which Americans have discarded, notably the stone and the hundred- 
weight of 112 lbs., the fundamental units of length and weight and 
their chief derivatives are identical in Great Britain and the United 
States. Measures of capacity, unfortunately, differ. 

The base of American measures of capacity for liquids is the 
Winchester gallon of 231 cu. ins. and the corresponding base of the 
British measures is the Imperial gallon of 277.274 cu. ins. The 
division of the two gallons into gills, pints and quarts follows the same 
scale. Following are the relations of the two gallons: 

1 U.S. gallon 
t Imperial gallon 


=.833 Imperial gallon. 
=1.200 U. S. gallons. 


7.48 U.S. gallons =r eCUeeLts 
6.24 Imperial gallons =I cu. ft. 
1 U.S. gallon of water at 62 deg. Fahr. =8.34 Ibs. 


1 Imperial gallon of water at 62 deg. Fahr. =10 lbs. 


The U. S. (Winchester) bushel contains 2150.42 cu. ins., while the 
Imperial bushel is based on the Imperial gallon, of which it contains 
8 or 2218.19 cu. ins. The division of the two bushels into pints, 
quarts and pecks follows the same scale. Following are the relations 
of the two bushels: 


r U.S. bushel = .969 Imperial bushel. 
x Imperial bushel =1.032 U. S. bushels. 

rt U.S. bushel =1.244 cu. ft. 

z Imperial bushel = 1.284 cu. ft. 


The Metric System 


That monument to scientific zeal combined with ignorance of 
practical requirements—the metric system—is unfortunately present 
in the world and cannot be ignored. 

The claims for the ease of adoption and the wide use of the system 
have been shown by S. S. Dale and the author to be grotesquely 
false (Trans. A. S. M. E., Vols. 24 and 28 and The Metric Fallacy). 
The facts are that no nation has ever made serious progress toward 
the adoption of the system in trade and commerce except by the 
force of compulsory law, and that no nation has ever discarded its 
old units by force of compulsory or any other law. 

The case for France was officially summed up and confessed in a 
circular letter dated Paris, Apr. 11, 1906, from the French Minister 
of Commerce, Industry and Labor, to the presidents of French Cham- 
bers of Commerce, of which the following is a translation in part. 
The full text may be found in the Transactions of the A. S. M. E., 
Vol. 28: 

“My Department at different times has been called upon to give 
to the Department of Weights and Measures instructions for accom- 
plishing the total suppression of the measures and weights prohibited 
by the old law of July 4, 1837 by the seizure of the prohibited articles. 
The Department, in spite of all such efforts, has not succeeded in 
attaining the desired result. 

“JT have learned that in certain industries the advertisements, 
prospectuses, catalogues, etc., used by the merchants among them- 
selves and also for sending to their customers contain the illegal 
expressions. . They thus continue to designate in lignes 
and inches all the articles they sell. . 

“T do not consider it worth while to enumerate here the industries 
and professions which have continued to employ the proscribed 
standards, but they are still numerous and most of them known to 
members of your organization.” 
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In the metric countries of western Europe, great industries, 
although selling their products by the metric system, make exclusive 
use of the old systems in the manufacture of those products. Thus 
in France the leading industry is the manufacture of silk fabrics, 
and this industry makes exclusive use of the aune and denier as its 
manufacturing units of length and weight respectively. Again, in 
Germany, the cotton industry is based exclusively on the British 
yard and pound and the woolen industry is similarly based on a 
great variety of old German ells and pounds. Throughout the metric 
and non-metric world lumber is sawn to the inch. 

The actual condition is diametrically the opposite of theimaginary 
one pictured by the metric party. For actual uniformity of measures 
in all industries and commerce and for actual simplicity of calcula- 
tions due to that uniformity we must turn to English-speaking 
countries, while, for actual diversity of measures and complexity of 
calculations due to the necessity for repeated conversions between 
incommensurate units, metric countries supply an example and a 
warning. 

Outside western Europe and contrary to oft-repeated but un- 
founded assertion, the system is used but little. Many countries, 
notably those of Spanish America, have “adopted” the system, 
but without compulsion, the result being that it has become an official 
government system used chiefly in the collection of customs duties 
and sometimes only partially there, while among the people it is 
used but little or not at all. 

In other countries which are frequently classed as metric (Japan, 
Russia, the treaty ports of China) the law goes no further than to 
make the system permissive exactly as in Great Britain and the 
United States. 

These conclusions are proven by an array of facts that is over- 
whelming. No serious attempt to answer them has ever been made, 
because such answer is impossible. 

There are but two possible explanations of these facts—either the 
advantages of the system are not sufficient to justify its adoption 
or its adoption is attended with so much difficulty as to be impractic- 
able. Either explanation is fatal to the pro-metric argument. 

The feature of the system on which most stress is laid by its 
adyocates—its convenience in the reduction or conversion of units, 
due to the fact that it has the same base as our unfortunate system 
of arithmetical notation—overlooks the fact that in the affairs of 
every-day life such conversions are of too infrequent occurrence to 
lend importance to this feature. All customary calculations of the 
engineer or business man are made as readily in the British as 
in the metric system. 

Were it otherwise, the repeated conversions during the transition 
period of two systems of units used conjointly and bearing incom- 
mensurate ratios with one another, offset many times over even the 
claims made for economy of time in calculations by the metric system. 
Of the probable length of the transition period we may form some 
idea from the fact that as acknowledged by the Minister of Com- 
merce, Industry and Labor it is still far from complete in France. 

The metric system is, at best, a complete subordination of the 
greater to the lesser—of the function of measuring to that of calcula- 
tion. Its advocates forget “that the chief function of a system of 
weights and measures is to weigh and measure, not to make calcu- 
lations.””? Because of this some of its units are ill adapted to many 
of the purposes of life, while the decimal division of units is far in- 
ferior to binary divisions for the purposes of commerce and 
manufacture. 

(Continued on page 400, first column) 
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BRITISH-AMERICAN-METRIC CONVERSION FACTORS 
(Except Capacity MEASURES WHICH ARE AMERICAN ONLY) 
From The U. S. Bureau of Standards 
Lengths 
Inches | Millimeters Inches | Centimeters | Feet | Meters | Yards | Meters | 
2059S) iaa— I SSE I I = . 304801 I = .914402 
-07874 = 2 -7874 = 23 a = .609601 1.093611 = I 
.II8IrI = 3 I = 2.54001 3 = -914402 2 = 1.828804 
.I5748 = 4 I.181r = Ps 3.28083 = I 2.187222 = 2 
.190685 = 5 1.5748 = 4 4 = I.219202 3 = 2.743205 
23622 = 6 1.9685 = 5 5 = 1.524003 3.280833 = 3 
27559 = 7 2 = 5.08001 6 = 1.828804 4 = 3.657607 
.31496 = 8 2.3622 = 6 6.56167 = 2 4.374444 = 4 
VER Er © 2.7559 = u 7 = 2.133604 5 = 4.572009 
| 
I = 25.4001 3 = 7.62002 8 = 2.438405 5.468056 = 5 4 = 6.43739 
2 = 50.8001 3.1496 = 8 9 = 2.743205 6 = 5.486411 4-34959 = 7 
3 = 76.2002 3-5433 = 9 9.84250 = 3 6.561667 = 6 4.97006 = 8 
4 = I01.6002 4 = I10.16002 E3.22336 = 4 7 = 6.400813 ; 5 = 8.04674 
| 
5 = 127.0003 5 = 12.70003 I6.40417 = 5 7.655278 = 7 . 5.59233 = 9 
6 = 152.4003 6 = 5.24003 I9.68500 = 6 8 = J%.3I52E5 6 = 9.65608 
7 = 177.8004 7 = 17.78004 22.96583 = 7 8.748889 = 8 ” | =I11.26543 
8 = 203.2004 8 = 20.32004 26.24667 = 8 9 = 8.229616 8 =12.87478 
9 = 228.6005 9. = 22.86005 29.52750 = 9 9.842500 = 9 9 =14.48412 
Areas 
Square Square Square Square | 
eres ealisnioters rs Attn Square feet |Square meters| Square yards | Square meters Square miles a 
epee : kilometers 
LOOESS a= I alii) =P i I = .09290 I = . 8361 -3863 = £ 
s00310, = 2 PS TOON == 2 2 = 858 = ) 
18581 I.1960 = . -7722 = 2 
-00465 = 3 .4650 = 3 3 = 27871 2 = 6 
00620 = = ‘ ied a. : = ae 
: 4 .6200 = 4 bi = 
37161 2.3920 = 2 t.i1g8zZ om oy 
-00775 = 5 -7750 = 5§ 5 = 6 | 5444 
.00930 = 6 on = 6 z ne +-40452 3 = 2.5084 I. = 4 
is fs -55742 3.5880 = 3 1.9305 = 
01085 7 I = 6.452 7 (= 6 : 
01240 = 8 1.0850 = 7 - a -65032 4 = 3.3445 2 = 5.1800 
Serioee = 3 Bart ee : + 74323 4.7839 = % 2.3166 = 6 
) = 83613 5 = 4.1807 2.7027 = 7 
I = 645.16 i-3950— 9 Io 
764 = I < = 
2 = 1,200.33 2 = 12.903 atvsas) = pis as ) : = geienee 
3 = 1,935.49 3 = 19.355 j2:20a = : Bees ee | iat a 
4 = 2,580.65 4 = 25.807 43.05 ei 7 = 5.85290 3.4749 = 9 
+055 = 4 7.1759 = 6 4 = 10.3600 
5 = 3,225.81 5 = 32.258 . 
: 53.81 = = -€ / 
6 = 3,870.98 6 = 38,710 - Prete = : . = 6.6890 5 = 12.9500 
7 = 4,516.14 7 = 48.16% Lae = +3719 aie | 6 = 15.5400 
8 = 347 s 7 9 = 7.5252 7 = 
5,161.30 8 = 52.613 86.217 = 8 2 ina 7 = 18.1300 
9 = 5,806.46 9 = 58.065 Geuane Yar 9.5679 = 8 8 = 20.7200 
. = 9 10.7639 a | ° = 23.3100 
Volumes A —Conti - 
Cubic Cubic Cubic Cubic Cubi Nes iB a 
inches millimeters inches : Cubic feet oa : / Cubic i — 
centimeters : Cubic yards 
area : ages = meters meters Acres ) Hectars 
Bo : I = .02832 = a — 
-000122 = 2 I220 = 2 Cees x = - 7645 I = 
: = = +4047 
.000183 = 3 tir = 3 -05663 1.3079 = IX 2 bs aa 
.000244 = 4 ie © 4 — -08405 2 = 1.5201 j 2.471 ae 
4 = «11327 2.6159 = 2 3 = 1.214r 
000305 = 5 Ae 5 ; 
evar an (8 Sécceree ae 5 = +4159 3 = 2.2037 4 = 1.6187 
-000427 = 6 a . 16990 i : ' 
427 7 14272 = 7 7 Z 3.9238 = 3 4.942 = 2 
-000488 = 8 .4882 = 8 3 = “T9620 4 = 3.0582 5 = 2.0234 
000549 = 9 isaoagimn kg sree: 5 = 3.8228 6 = 2.428 
9 - 25485 -4281 
5.2318 = 4 7 = 2.8328 
I = 16,387.2 I = 16.3872 35.314 
2 = 25 , we = aa I 6 = 
x ee a = 32.7743 70.629 = 2 Pa ee 
49,161.5 3 = 49.1615 105.943 = SLSOOh | eee 8 = 3.2375 
4 = 65,548.6 4 ss a 3 7 = 5.3510 = 
5.5486 I41.258 = 9 = 3.6422 
4 7-8477 = 6 
5 7 | 9.884 = 4 
= 81,935.8 5 = 81.0358 6 
6 = 98,323.0 6 ~ a{0. tas Pe ORS 8 = 6.116 
il = 114,710.1 96.3750 att oes =o 9 mh ; i 
zx i aa b 4 = 114.7101 sAneade Oe = 6.8810 14.826 = 6 
1097.3 8 = 131.007 9.1556 = 7 ny.2 = 
9 = 147,484.5 0) 3 282.516 = 8 10.4635 = 8 al if 
SS = 147.4845 317.830 = 9 . 19.768 = 8 
r.Z7ts = 9 22.230 76 
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BrrtisH-AMerican-Metric Converston Facrors—(Continued) 
(Except Capaciry MEAsurEs WHICH ARE AMERICAN ONLY) 
-- ; Capacities 
U. S. liquid | U.S. liquid U 
Li U.S. liq “ . S. dry 5 ; 
quarts HUES pallong Liters mearts Liters U.S. pecks Liters U. S. bushels Hectoliters 
I = 94636 20417 = = = 
ete fe Mi ns Aas 9081 I see Eh I =@ Danes 
5 52834 = 2 I = I. 1012 222702 = 2 2 = +70479 
2 = = = pb 
enna : 89272 «79251 = 2 : 1.8162 = 2 -34053 = 3 Ripe) San 
i Tt # 3-78543 2 = 2.2025 45404 = 4 3 = 1.05718 
3 = 2.8 8 = = auf 
3.17005 = ft been ‘ Be Dae 3 56755 = 5 4 = 1.40957 
ea 3 T.32085 = 5 3 = 3.3037 68106 = 6 5 BS ns 
4 2 5 3.78543 1.58502 = 6 350323 =) A 19457 = 7 ANG el A 
NS a ebeee EREAONS oma 37 4 = 4.4049 .90808 = 8 6 = 2.11436 
5 = 4.73179 2 = 7.57087 4.5404 = 5 1 = 8.80982 ” = bfr4e6rs 
pee = S 2.11336 = 8 5 = 5.5061 1.02157 = 9 8 Ses scoas 
6 = peas Pee rah Sie lg 2 = 17.61064 8.51323 = 3 
+34000 = 6 3 = I1.35630 6 = 6.6074 3 = 26.42946 9 SO pees 
Z = 6.62451 4 = I5.I14174 6.3565 7 4 = 35.23928 EI.35007.—" 4 
7.30677 = if 5 = 18.92717 af) = 7.7086 5 = 44.04910 I4.1887t = 5 
8 = 7.57088 6 = 22.71261 7.2046 = 8 6 = 52.85892 17.02645 = 6 
8.45345 = 8 vf co 26.49804 8 = 8.8008 ” = 61.66874 19.86420 = +7 
9 = 8.51723 8 =" 30.28348 omyeye =) ae) 8 = 70.47856 22.701904 = 8 
pose se9. 9 = _34.06801 9 = 9.9110 9 = 79.28838 25.53068 = 9 
Weights 
. Avoirdupois Troy Avoirdupois : 
Grains Grams Ce a «Grams Canes Grams Soin 3 Kilograms Troy pounds Kilograms 
I = 06480 -03527 = I -O8205). = I rT = .45359 I ee -37324 
2 = 12960 -07055 = 2 .06430 = 2 2 = 90718 B = 74648 
3 am 19440 -10582 = 3 -09645 = 3 2.20462 = 1f 2.67923 = 1 
4 = ao 3° OR a -12860 = 4 3 = 1.36078 3 = 1.11973 
5 7 32399 1037 a= 5 - 16075 5 4 = 1.81437 4 = 1.40207 
6 = 38879 .21164 = 6 »19290 = 6 4.40924 = 2 5 = 1.86621 
7 = 45359 246902 = 7 .22506 = 7 5 = 2.26706 5.35846 = 2 
8 = 51839 .28219 = 8 +25721 = 8 6 = 2.72155 6 = 2.23045 
9 = 58319 -31747 = 9 -28936 = 9 Hey = s 7 = 2.61269 
15.4324 = I I = 28.3495 I = 31.10348 7 ES Bays 8 = 2.098593 
30.8647 = 2 2 = 56.6991 2 = 62.206096 8 = 3.62874 8.03760 = 3 
46.2071 = 3 3 = 85.0486 3 = 93.31044 Re, = Ai 9 = 3.35018 
61.7294 = 4 4 = 113.3981 4 = 124.41392 9 = 4.08233 I0.716901 = 4 
77.1618 = 5 5 = 141.7476 5 = £55).52740 ie O28 0 tae S 13.30614 = 5 
92.5041 = 6 6 = 170.0972 6 = 186.62088 13.22773 = 6 16.07537 = 6 
108.0265 = a 7 = 198.4467 7 = 217 .72437 E5.43236 = 7 18.75460 = 7 
123.4580 = 8 8 = 226.7962 8 = 248.82785 I7.63608 = 8 25243383 = 8 
138.8912 SS 9 = 255.1457 9 = 279.93133 19.84160 = 9 24.11306 = © 
BritisH-METRIC AND METRIC-BRITISH EQUIVALENTS OF UNITS OF LENGTH 
Unit | In. Ft. | Yd. | Rod Furl. Mile Cm. Meter | Km Unit 
| Coe Soe RRR ga I 083 027 OOS OU IES Bre as nsceitena ellie atebe eherpe tees 2.54 0254: "Wilts tcc In. 
tes dere cities si i.e ty, « 12 x me, 06 OOI5 . 0001893 30.48 SOB SlPen cadtite cae Ft. 
"Gio (Sei ee ene 36 3 I .18 0045 .0005681 O1.4402 914402 .0000144 Yd: 
ik Coys bap ema 198 16.5 S35 I 025 POOZ TAS) Mie ociststevseetere 5.029 .005029 Rod 
TENT la See enemee 7920 660 220 40 I STOR oc iitne aan imeeoher 201.17 . 20117 Furl. 
INNES arses cess 63360 5280 1760 320 8 DA IN pn Par trues cr FA 1609.35 1.60035 Mile 
WEEN rete, criss fe tlieices +3937 03281 .O1004 MOOT OSG Meter ai airs clenshelliccmeiice sate isi I .Or Mr tite ns . «awh Coals 
1S eo ee 20.037 3.28083 I.090361 19884 .00497 .00062T4 100 T oor Meter 
i ae 39370 3280. 83 1093.61 198.84 : 4.97096 .62137 100,000 I000 I Km 
BritisH-Metric AND Merric-BritisH EQUIVALENTS OF UNITS OF WEIGHT 
A Short Ton : 
Unit Grain Gram Oz. av. Lb. av. Kilog. cwt = Unit 
: Short Metric Long 
Grain I . 0647989 .0022857 . 00014286 OOOO AT OOS, atat.aruartiemny aro seemyeee VelFltlon tierioll Winnenersuake relied tur | ceeuepuen-t ckeresnels Grain 
Gram I5.43236 zt .035274 .0022046 WOOT Mee Mea seraient scram aaiitcatnesPekaenl tccesiou sil arom mre onetenthelsks |iateus iteientrals tas Gram 
OVD AV Pence Soe as 437.5 28.3405 I .0625 BPTI URS, alr Oto Cacan ddl lb ancy Ob lo coed ae ie Mod chcilitr ol o Gatteosow Oz. av. 
1 eh gt a 7000 453.502 16 I -453502 .OL 0005 . 0004536 .0004464 Lb. av. 
EGNOS cts ioe 15432.36 1000 35.27396 2.20462 I -0220462 .OOTIO231 -OO1 .00098421 | Kilog. 
Sor Eda ood Olan Og OE ODER al ln Cte 6 Otten ol DU aint, Cao 100 45.3592 I 05 .045359 .0446429 | Short cwt. 
Sivartitisin! accordah © oon Oo onl Proto bien t oto lotic enor ecioiEsd 2000 907.185 20 I .907185 8028571 Short ton 
IMIGaTe T1631 oonells a 6 cit Been Oe DOUG O10 00 on nino 2204.62 1000 22.0462 I. 10231 I 984206 Metric ton 
Long ton | jig bles a hae nnl Pia nie eee bua! ere peoercaa 2240 1016.05 22.4 1.12 I. 01605 I Long ton 
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Metric CoNVERSION FACTORS FOR FRACTIONAL DIMENSIONS OF LENGTB 


From the U. S. Bureau of Standards 
Binary Fractions of an Inch to Millimeters 


BrRiITISH-AMERICAN- 


ee ee 
Milli- Decimals 


Milli- Decimals || 7.04 is z's | 8ths | 16ths | 32nds | 64ths meters | of an inch 
I's i's | 8ths | 16ths | g2nds | O64ths | ters | of an inch : 
33 = 13.007 -515625 
I = .397 | -015625 7 34 =13.494 | .53125 
I 2 = .794 | .03125 35 =13.891 | .546875 
3 = 1.191 | .046875 - 18 36 =14.288 | .5625 . 
r 2 4 = 1.588 .0625 
37 =14.684 -578125 
5 = 1.984 | .078125 19 38 =15.081 | .59375 
ade eee 2 
7 eis Ms ° =275-5 625 
I 2 4 8 = Srsnigy || eekxe 5 ze a 2 oie 
4I =16.272 -640625 
9 = Ssh faa ae 42 =16.669 | .65625 
5 10 i er ae 43 =17.066 -671875 
II = 4. : 
=17.46. -68 
3 6 ma | = 4.763 | . 1875 a - wg Pa bi 
=17.8 - 70312 
13 = 5.159 + 203125 ) = ae - pi = 
7 14 = 5.556 | .21875 = a Scie ploris? 
I5 = 5.953 + 234375 mi = : es - 734375 
I 2 4 8 16 = 6.350 . 2500 3 6 12 24 4 = 19.05 +75 
a ere Pree 49 mie —_— 
a 18 | = 7.144 | .28125 = as eee maak 
I9 = 7.541 . 2906875 as snes a ise 
5 10 20 7.038) so E25 13 = - ae em 2 
ne = 8.334 . 328125 53 = 21.034 -828125 
Ir 22 = 8.731 | .34375 a 54 8-438 ees 
23 = 9.128 | .359375 53 ~35-098) 
3 6 12 24 | = 9.525 | .3750 7 “4 = | 
25 = 90.922 +390625 57 = 22.622 . 890625 
13 26 =10.319 ~40625 29 58 =23.019 -90625 
. 27 =10.716 | .421875 59 = 23.416 | .921875 
7 14 28 | =11.113 | .4375 15 30 60 | =23.813 | .9375 
) ; 
29 | =Ir.509 | .453125 Nao oe 
5 30 =11.906 | .46875 3r | 62 = 24.606 -96875 
3E =12.303 . 484375 63 = 25.003 - 984375 
I 2 4 8 16 32 =12.700 | .5 I 2 4 S-) 36 32 64 | =25.400 | 1.000 
Hundredths of an Inch to Millimeters 
Hundredths | ’ 
of an 0 I 2 3 4 5 6 : 7 8 9 
inch 
to) «254 +598 762 I.016 1.270 1.524 1.778 2.032 2.286 
Io 2.540 2.794 3.048 3.302 3.556 3.810 4.064 4.318 4.572 4.826 
20 5.080 5.334 5.588 5.842 6.006 6.350 =| 6.604 6.858 7.112 7.366 
30 7.620 7.874 8.128 8.382 8.636 8.800 9.144 9.308 9.652 9.906 
40 19.160 10.414 10.668 10.922 Ir.176 II.430 Ir.684 Ir.938 12.192 12.446 
50 12.700 12.054 I3.208 13.462 13.716 13.970 14.224 14.478 14.732 14.986 
60 15.240 15.404 15.748 16.002 16.256 16.510 16.764 17.018 17.272 17.526 
70 17.780 18.034 18.288 18.542 18.706 19.050 19.304 19.558 19.812 20.066 
80 20.320 20.574 20.828 21.082 21.336 21.500 21.844 | 22.008 22.352 22.606 
p90 22.860 23.114 23.368 23.622 23.876 24.130 24.384 Ge 24.638 24.892 25.146 
Millimeters to Decimals of an Inch 
Millimeters ° 1 2 3 4 | 5 | 6 | 7 1 8 | 9 
ie) +03937 -07874 -TI8rr .. 15748 19685 23622 . 27550 31 
. : : +31406 + 35433 
aaa: +43307 -47244 51181 - 55118 +59055 -62002 | - 66020 + 70866 - 74803 
a nes. 82677 86614 -90551 94488 98425 1.02362 1.06209 I. 10236 I.14173 
ie a te 1.22047 T. 25084 I.20021 1.33858 1.37795 I.41732 1.45660 1.40606 1.53543 
-57480 I.61417 1.65354 1.60201 1.73228 1.77165 1.8rro2 1.85030 1.88076 1.92913 
50 1.968 4 
ms ; ee : 00787 2.04724 2.08661 2.12508 2.16535 2.20472 2.24400 2.28346 2.32283 
Se See ie! 2.44004 2.48031 2.51068 2.55005 2.50842 2.63779 2.67716 2.71653 
- ees Bie 2.83464 2.87401 2.91338 2.95275 2.09212 3.03140 3.07086 3.11023 
ee ee % aA 3.22834 3.26771 3.30708 3.34645 3.38582 3.42510 3.46456 3.50303 
— : J Seballl 3.62204 3.66141 3.70078 3.74015 3-77952 3.81889 3.85826 3.89763 
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BritisH-Mertric ConversION Factors ror Compounp Unrrs 


From Clark’s Manual of Rules, Tables and Data 


Metric-British 
=f .672 lb. per ft.. - 
2.016 Ibs. per yd. 
14.2232 lbs. per sq. ft. 
14.7 lbs. per sq. in. 


I kg per m. 


1 kg. per sq. cm. 
1.0335 kg. per sq. cm. = 
(x atmosphere) 
1 kg. per sq. m. = 
I cm. of mercury = 
I cm. of mercury Be 
t kg. per cu. m. = 
I cu. m. per kg. = 
I kgm. = 
I metric h.p. = 
t kg. per metric h.p. = 
I sq. m. per metric h.p. = 
1 calorie = 


.205 lbs. per sq. ft. 
. 394 in. of mercury 
.193 lb. per sq. in. 
.0624 lb. per cu. ft. 
16.019 cu. ft. per lb. 
7.233 ft.-lbs. 
.9863 British h.p. 
2.235 lbs. per British h.p. 
10.913 sq. ft. per British h.p. 
3.968 B.t.u.’s 
= B20 it. per sec. 
I ™. per sec. “= 4 196.860 ft. per min. 
2.236 miles per hr. 


rt km. per hr. .621 miles per hr. 


British-Metric 
t lb. per ft. = 1.488 kg. per m. 
t lb. per yd. s -496 kg. per m. 
t Ib. per sq. in. = .0703077 kg. per sq. cm. 
1 lb. per sq. ft. = 4.883 kg. per sq. m. 


1 in. of mercury = 
1 lb. per sq. in. 
1 lb. per cu. ft. = 
rz cu. ft. per lb. = 
t ft.-lb. = 
t British h.p. = 
t lb. per British h.p. = 
t sq. ft British per h.p. = 
TED. tes = 
1 ft. per sec. or per min. = 


2.540 cm. of mercury 
5.170 cm. of mercury 
16.020 kg. per cu. m. 

.0624 cu. m. per kg. 
.138 kgm. 

I.0139 metric h.p. 
.447 kg. per metric h.p. 
.0916 sq. m. per metric h.p. 
.252 carlorie 
. 305 M. per sec. or per min. 
.447 Mm. per sec. 

1.609 km. per hr. 


ll 


r mile per hr. a 


BritisH-MeEtTrRIc CONVERSION Factors FOR UNITS OF PRESSURE 


Lbs. Kgs. Lbs. Kgs. Lbs. Kgs. Lbs. Kgs. 
per per sq. per per sq. per per sq. per per sq. 
Sq. in. | centim. | sq.in. | centim | sq.in. | centim. | sq. in centim. 
I .0703 26 1.828 51 3.5857 76 5.3434 
eo 2 -1406 27 1.80983 52 3.656 77 5.4138 
Q .~ 2109 28 1.9686 53 3.7263 78 5.4841 
4 -2812 29 2.0389 54 3.7966 79 5.5544 
5 ca ES 30 2.1092 55 3.8669 80 5.6247 

6 -4218 31 2.1795 56 3.9373 8r 5.605 
Hi +4921 32 2.2408 57 4.0076 82 5.7653 
8 5624 33 2.3202 58 4.0779 83 5.8356 
9 -6327 34 2.3905 59 4.1482 84 5.9059 
Io . 70309 35 2.4608 60 4.2185 85 5.9762 
It -7734 36 2.5315 6I 4.2888 86 6.0465 
I2 -8437 37 2.6014 62 4.3591 87 6.1168 
13 -9140 38 2.6717 63 4.42904 88 6.1872 
14 -9843 39 2.7420 64 4.4997 89 6.2575 
I5 1.0546 40 2.8123 65 4.5700 90 6.3278 
16 I.1249 41 2.8826 66 4.6404 OL 6.3081 
17 1.1952 42 2.9529 67 4.7107 92 6.4684 
18 1.2655 43 3.0232 68 4.781 93 6.5387 

19 1.3358 44 3.0036 69 4.8513 94 6.609 
20 I. 4062 45 3.1639 70 4.9216 95 6.6793 
2 1.4765 46 3.2342 The 4.9919 | 96 6.7406 
22 1.5468 47 3.3045 72 5.0622 97 6.81909 
23 1.6171 48 3.3748 73 5.1325 98 6.8902 
24 1.6874 49 3.4451 74 5.2028 99 6.9606 
Lar i ky Ans iy f 50 3.5154 75 L.se273t | TOO 7.0309 


It is for this latter reason that the millimeter is universally used as 
a measure of length in machinery manufacture, this little unit being 
multiplied because the decimal division of larger units has been found 
impracticable. It is for the former reason that units have been both 
dropped from and added to the original list. 

Those who do not know the above facts do not know enough about 
the subject to make their opinions regarding the wisdom of the adop- 
tion of the system of the slightest value. 

The customary tables are very misleading. It was inevitable 
that a schedule of units based on a rigid relationship should contain 
many that are redundant and fail to contain others required by 
considerations of convenience. The result is that the tables contain 
many units that are not used and they omit others which necessity 
or convenience has brought into use, while, of those given, they fail 
entirely to indicate those that are used and those that are not. 

The accompanying conversion tables are but an illustration of the 


Metric-British CONVERSION Factors ror UNITS OF PRESSURE 


= Lbs. per Kes: Lbs. per Kes. Lbs. per ee Lbs. per 
Mgecy sq. in. Denied: sq. in. ee sq. in sie sq. in 
cen. cen. cen. est cen. Gar. 
I 14.223 3.6 51.203 (4 88.183 8.8 125.162 
Died 15.645 Sieur 52.625 (583 89.605 8.9 126.585 
5h) 17.068 3.8 54.047 6.4 91.027 9 128.007 
i858} 18.400 3.9 55.470 6.5 92.450 Out 129.429 
Ted. I9.912 4 56.8092 6.6 93.872 9.2 130.852 
£25 | 222835 AoE | 58.314 6.7 95.204, 9.3 | 132.274 
1.6 220757 4.2 59.737 6.8 96.716 9.4 133.696 
Liev7 24.179 4.3 61.159 6.9 98.139 9.5 135.119 
1.8 25.605 4.4 62.581 7 99.561 9.6 136.541 
I.9 27.024 4.5 64.004 "Tene 100.983 Ong 137.963 
2 28.446 4.6 65.426 FEO 102.406 9.8 139.385 
Bak 29.868 Ae 67.848 Gpass 103.828 9.9 140.808 
Aye) 31.201 4.8 68.270 aoe! 105.250] 10 142.230 
2.3 32.713 4.9 69.693 Tiss 106.673] 10.1 143.652 
2.4 34.135 5 7T ces 7.6 108.095] 10.2 I45.074 
2.5 35.558 Bae 72.537 167 109.517| 10.3°| 146.407 
2.6 36.980 5.2 73.960 7.8 II0.930] 10.4 147.919 
2.7 38.402 5.3 75.382 7.9 I12.362| 10.5 149.341 
2.8 39.824 5.4 76.804 8 (iz. 734! Fo.6 150.764 
2.9 41.247 5.5 78.227 8.1 II5.206| 10.7 152.186 
3 42.659 5.6 79.649 8.2 I16.620| 10.8 153.608 
sid 44.001 uve 81.071 8.3 I18.051| 10.90 155.030 
3.2 | 45.514 5.8 | 82.403 8.4 II9.473| It 156.453 
Bs 46.936 5.9 83.016 8.5 120.806] II.1 157.875 
3.4 48.358 6 85.338 8.6 E223ES) |) Tl.2 HeTSOcROF 
3.5 49.781 6.1 86.760 8.7 r23.740) IIS 160.720 


confusion which the system has already introduced, and every exten- 
sion of it adds to this confusion, for the dream that it would supplant 
the old systems has proven as vain as the dream of the millenium. 
The whole movement for its origin and spread must be regarded as 
unfortunate and pernicious. 

The use of the accompanying tables of equivalents is best shown 
by an example: Required the metric equivalent of 38.5 ins. From 
the proper table we find: 


ins. mm. 
30 =762.002 
8 =203.200 


15212 .:700 


38.5 987.902 
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Amertcan-Mrtric ConveRSIoN Factors For Compound UNITS OF VALUE 
From The U. S. Bureau of Standards 
Dollars Doll Marks | Dollars | Marks oe 
Francs | Dollars | Francs | Dollars | Francs per uns Francs ollars ar es Dollars | Marks |per U. S. 
per |peravoir.| per per per quid per hec- per U.S. _ber Spier oe per yard| per liter | liquid 
kilogram] pouud meter yard liter gal toliter | bushel kilogram] poun meter gal. 
I = .218 z = .9or 
I = .088 I = .176 I ah ae z oe ease . 
2 = .175 2) = 4353 2 =1.461 2 = .136 2 ha ieee a ee 
3 = ,263 3 = .529 3 =2.192 3 = .204 3 Guaeeae 3 as 2 ee 
4 = .350 4 = .705 4 =2.922 4 = ,272 4 = .432 4 = ,871 4 =3.604 
5 = .438 5 = .882|* § =3.653 5 = .340 5, = 540 2. keene Se ah ee 
6 = .s25| 6 -=3.058] 6 =4.384/, 6 = .408 6 = .648 6 OO ee 
7 = .613 7 =8.234/° 7 5.114 7 = 476 ie EZ I58 Pong sls 9' 
8 = .700 8 Suit 8 =5.844 8 = 544 8 = .864 8 =1.741 8 =7.207 
9 = .788! 9 =3.587| 9 =6.575 9 = .6r2 9 = .972 9 =1.959 2 
II.423=1 5.667 =1 1.369=1 14.703=1 9.263 =1 4.595=1 I.IIO=1 
22.846=2 II.334=2 2.738 =2 29.407 =2 18.526=2 9.190=2 2,.220=2 
34.269 =3 27.000 =3 4.106 =3 44.110=3 27.789 =3 13.785=3 3-330=3 
45.601 =4 22.667 =4 5.475=4 58.813 =4 37.052=4 18.380=4 4.440=4 
57.1IS=5 28.334=5 6.844=5 73.527 =5 46.316=5 22.975=5 5-550=5 
68.537=6 34.001 =6 8.213 =6 88.220=6 55.579 =6 27.570=6 6.660=6 
79.960=7 39.668 =7 9.581 =7 102.923 =7 64.842=7 32.165=7 7-770=7 
01.383 =8 45.334=8 I0.950=8 117.627 =8 74.105 =8 36.760=8 8.880=8 
102.806=9 51.001 =9 12.319 =9 132.330=9 83.368=9 41.355=9 9.990=9 
ELrectricaL Ilorsc-POWER 
Amperes 
Volts I 10 20 son | 40 50 | 60 70 | 80 | 90 . 
I 00134 0134 0268 0402 0536 .0670 0804 0938 1072 } 1206 | 
5 .00670 .0670 1341 2011 2681 16351 4022 4692 5362 | 6032 ; 
Io -O1341 I3I4 2681 4022 +5362 .6703 8043 9383 1.072 | 1.206 
15 - 02011 2011 4022 -6032 . 8043 1.005 206 1.408 609 | 1.810 2 
20 .02681 2081 5362 8043 11072 I.340 1.609 1.877 2.145 | 2.413 
25 - 03351 ages 6703 1.005 E5341 1.676 2.011 2.346 2.681 | 3.016 ce 
30 -04022 4022 8043 1.206 1.609 2.015 2.413 2.815 3.217 3.6190 4. 
35 -046092 4692 9384 I.408 1.877 2.346 2.815 3.284 3.753 4.223 4. 
40 05362 5362 072 1.6090 2.145 2.681 3.217 3.953 71 4.290 4.826 Se 
45 . 06032 6032 1.206 1.810 2. 4as 3.016 3.6x9 | 4.223 4.826 5-439 | 6. 
50 -06703 6703 T2340 2.011 2.681 3.352 4.022 4.692 | 5.362 6.032 / 6. 
75 - 10054 I.005 2.011 3.016 4.021 5.027 6.032 7.037 | 8.043 | 9.048 10. 
100 -13405 I.341 2.681 4.022 5.362 6.703 8.043 9.384 10.72 12.06 13 
: 500 67025 -703 13.41 20.11 26.81 33.51 40.22 46.92 53.62 60.32 67 
,000 I.3405 13.41 26.81 40.22 53.62 67.03 80.43 03.84 107.2 | 120.6 | 134 
5,000 6.7025 67.03 ne Pl 5 ZO. 268.1 33 
* SOK 5.1 402.2 460.2 536.2 603.2 | 670 
10,000 i " <2 ie 
0 13.405 134.1 268.1 402.2 536.2 670.3 | 804.3 938.3 |1072 {1206 1341 


Britiso-Mrtric aND Merric-BritisH CONVERSION FACTORS FOR 
WorkK AND PowER 


Horse-power Horse-power Foot-pounds Kilogrammeters 
Metric to British to to kilogram- to 
British Metric meters foot-pounds 
I 986 I.014 .1383 7.2329 
2 1.973 2.028 +2765 14.4650 
3 2.959 3.042 -4148 21.6988 
4 3.945 4.056 5530 28.0317 
5 4.932 5.060 6913 36.1646 
6 5.018 6.083 . 8205 43.3976 
7 6.904 7.007 9678 50.6305 
8 7.800 8.115 I. 1061 57.8634 
9 ___ 8.877 9.125 T.2443 65.0063 


eastern aneeaselc 


per hec- 


~ 


Marks 


toliter 


& WKH 


Oot nan 


II.923=1 
23.847=2 
35-770 =3 
47.693 =4 


59.616=5 
71.540=6 
83.463=7 
95.386=8 
I07.310=9 


MATHEMATICAL TABLES 


The range of arithmetical tables may be greatly extended by an under- 
standing of a few principles. 

Areas of circles of fractional diameters may be obtained from 
tables of areas of circles whose diameters are whole numbers, by 
putting the diameter in the form of a decimal. For example, find 
the area of a circle of .97 in. diameter. The area of 97. is 7380. 
Point off twice as many decimal places as are in the diameter, and 
we have -7389 the area. Or take diameter .or in. The area of 
t is .7854; add four decimals and we have .00007854 in. Or again, 
take diameter 34.7 ins. The area of 347 is 94,569, and pointing 
off two decimals gives 945.69 for the area belonging to diameter 34.7. 


It is often required to find the square or cube root of numbers 
larger than are given directly in the table. Suppose the square root 
of 12.850 is desired. Look in the column of squares for the nearest 
number, and it will be found that the square of 113, which is 12,769, 
is the nearest, but is too small, and the square root will be a fraction 
more than 113. To get one decimal place in the root will require 
two in the number; hence it would make a total of seven figures. 
Look down the column of squares to where there are seven figures 
and find the nearest to 12,850 (considering the two right-hand figures 
out of the seven as decimals), and the nearest number is 12,859.56, 
and the root is 113.4. With the usual table going up to 1,600 this 


TABLE I.—FACTORS AND RELATIONS OF 7 


3.1416 divided by 


2=1.5708 68 = .0462 561 = .0056 
3=1.0472 77= .0408 616=.0051 ° 
4= .7854 84= .0374 714 = .0044 
6= .5236 88= .0357 748 = .0042 
7= .4488 102 = .0308 924 = .0034 
= 53027 IIQ= .0264 952 = .0033 
II= .2856 132 = .0238 I,I22= .0028 
12= .2618 136 = .0231 1,309 = .0024 
I4= .2244 I54= .0204 1,428 = .0022 
17= .1848 168 = .0187 I,496 = .0021 
2I= .14096 187 = .0168 1,848 = .0017 
22= .1428 204= .0154 2,244= .0014 
24= .1309 231 = .0136 2,618=.0012 
28= .1I1I22 238 = .0132 2,856= .O0oII 
33= .09052 264=.0119 3,927 = .0008 
34= .09024 308 = .o102 4,488 = .0007 
42= .0748 357 = .0088 5,236 = .0006 
44= .0714 374 = .0084 7,854 = .0004 
5I= .0616 408 = .0077 10,472 = .0003 
56= 0561 462 = .0068 15,708 = .0002 
66= .0476 476 = .0066 5,280 = .000595 


The reason for doubling the number of decimal places of the diam- 
eter comes from the fact that to find the area of a circle, the diam- 
eter is first multiplied by itself, or squared; hence there must be 
twice as many decimal places in the product, to conform to the rule 
for multiplication of decimal numbers. 

Sometimes it is required to find the area of a circle larger than is 
in the table. The range of the table may be doubled by taking the 
area for half of the desired diameter and multiplying it by 4. For 
example: Required the area for 996 diameter: half of this is 498, 
the area of which is 194,782, and this multiplied by 4=779,128, the 
area required. 

Referring to the table of squares, cubes and roots of numbers, 
which usually gives the squares and cubes of whole numbers only, 
it is sometimes required to know the square or cube of a fractional 
number. To find the square of .o take the square of 9 and point 
off two decimal places, giving .81; or the cube, and point off three, 
giving .720, as all cubed numbers must have three times and all 
squared numbers two times as many decimals places as there are 
in the number to be cubed or squared. Finding the square or cube 
of a whole number and fraction is done the same way. ‘To find the 
square of 73,-take the square of 725=525,625, and pointing off four 
decimals gives 52.5625; or the cube of 7 =381.078125. 
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.7854 divided by 


ee ee ee 


2=..3927 34= .0231 238= .0033 ~ 
=.2618 42= .0187 357 = .0022 

= 1309 5I=.0154 374 = .002I 
7= 1122 66= .0119 462 = .0017 
II=.0714 77 =.0102 561=.0014 
I4 = .0561 102 = .0077 7I4=.001I 
I7=.0462 TI9 = .0066 I,I22=.0007 
21 = .0374 I54=.0051 I,309 = .0006 
22= .0357 187 = .0042 2,618 = .0003 
33 = .0238 231 = .0034 3,927 = .0002 


$$. 


Log. 7=. 4971499 A/% =1.4645919 


== .3183099 7/2 = 4.4428829 
I ane 2 

qa (1013212 Nf ate eae 
We ag, va cay 
NES -5641896 = 
A/2=1.4142136 Nee 


7 =9.8696044 


NE = .7978846 
T 


method is available only for finding the square root with one decimal, 
of numbers between 1600 and 25,600. 

By the use of the column of cubes of numbers in the same manner, 
the cube root with two decimal places may be found for numbers 
from 1,600 to 4,088; or the root with one decimal place for numbers 
from 4,096 up to 4,088,324. For example: Find the cube root of 
3,504; the nearest number in the column of cubes is 3,375, the cube 
of rs. As there are to be two decimals in the cube root there must 
be three times this=6 added to the number of figures which makes 
to. Looking in the column of cubes we find 3,504.881359 (using 
the six right-hand figures as decimals), and the root is 15.19. 

Always be careful to keep in mind that in finding square roots 
there must be twice as many decimal places in the number as in 
the root, and in finding cube roots there must be three times the 
decimal places of the root. 

The value of = to eight places of decimals in 3.14159265. 


7% =31.0062767 


The 
ratio - reduced to decimals is 3.1415929, which is far more nearly 
the true value than 3.1416 which is customarily used. Doubling 
both numerator and dominator gives aC which may be found with- 


out estimation on the C- and D-scales of an ordinary slide rule- 
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Ratios in vulgar fraction form are necessary when calculating gear 69 _ 3.1364 
trains for cutting diametral pitch worms and racks. Following are Be 
such values arranged in the order of accuracy: 41 5.1333 
355 For tabulated change gears for cutting diametral pitch worms 
113 3°7475929 see Cutting Diametral Pitch Worms. 
The value 3.1416 has many exact factors, as it is the product of 
22 2X3X4&7xX.11X.17. Table 1 gives various factors and other 
fa eae relations of 7. 


TABLE 2.—LOGARITHMS 


The supplementary table at the right gives proportional parts without calculation. Thus to find log 2985, opposite 29 and under 8 read .4742 and in 


the same line of the supplementry table under 5 read 7 which added to .4742 gives .4749, the log required. 


0 pro joa | aesh 4 Los. | 6 ey sd) es Se ees eee 
ro 0000 0043 0086 0128 0170 0212 0253 0294 0334 0374 4 A Be Ee 17 2% 25 | 290 33 37 
II 0414 0453 0402 0531 05690 0607 0645 0682 0719 0755 4 & sz £530 33 26 30 34 
I2 0792 0828 0864 0899 0934 0969 1004 1038 1072 1106 3 7 10 * ee (mes 3 24 «28° 42 
13 I1I39 1173 1206 1239 I271 1303 1335 1367 1399 1430 3 (6, ze 13 16 19 23° 26. 39 
I4 I461 1492 1523 1553 1584: I614 1644 1673 1703 1732 3° 6 9 I2 15 18 2I 24 27° 
I5 I761 1790 1818 1847 1875 1903 1931 1959 1987 2014 3 6 8 tE 4 27 20 aa) 25 
16 2041 2068 2005 2122 2148 2175 2201 227 2253 2279 3 5 8 Li) 32 x6 18 2r 24 
17 2304 2330 2355 2380 2405 2430 2455 2480 2504 2529 2 5 g Io 12 #5 x7. 20. 33 
18 2553 2577 2601 2625 2648 2672 2605 2718 2742 2765 ee ee fa We en 16 19 24 
19 2788 2810 2833 2856 2878 2900 29023 2945 2067 2989 2 4 7 S XE =z3 16 18 20 
20 3010 3032 3054 | 3075 3006 3118 3139, | 3160 3181 3201 2) yo "GUM! 8) opis I5 17 19 

. , 

a 3222 3243 3263 3284 3304 3324 3345 3365 3385 3404 2 4-6. f S87 zeae 14 16 18 
3424 3444 3464 3483 3502 3522 3541 3560 3579 3598 2 4 6 & to 13 14 i5 17 
23 3617 3636 3655 3674 3692 3711 3729 3747 3766 3784 | 2 4% S6 7 9 Ir 1315 «17 
24 3802 3820 3838 3856 3874 3802 3909 3927 3945 3062. | 2) 4 Ss 4 gg ee I2 14 16 
2 : 4 
2 SSI | ©3097) 4084-1) 403. || 4048 4068 |) 4082 4099 | 4116 | 4133 2. paras 7 9 10 12 14 15 
26 150 166 
27 ea red ce ie ee sees Ad peat a 8 ha? gigher 7 8 10 35. 23 36 
a 4362 437 4393 4409 4425 4440 4456 ia ee: 6 8 9 2224.28 
4472 4487 4502 4518 4533 4548 4564 4579 4594 4609 ae a 6 8 9 at 42 = 
20 4624 2 4654 | 4660 | 4683 4608 4733 4728 yee es he a 6 +) 6 Wasne 7 
30 4771 8 8 q 7 | 2 
47 4800 4814 4820 4843 4857 4871 4886 4900 ee 6 7 © | 30 45 x 
3I 4914 928 2 | 
32 ‘ oe pee he aoe a4 See 5024 5038™| 2) 3) nae | Ge ee 10 Ir 12 
5051 5065 5070 5002 5105 5119 5132 5I Bes ; 
33 518 198 45° || 5159" | 5t72 I 3° 4 5. Sa gt eee 
5 519 5211 5224 5237 5250 5263 5276 5289 5302 2 cane ee ea 
oa Botan |) po28e | 5340 |) 5353. | 5366) || S378 | sg0r | saog’ f sex6° | Seanad ‘tee aa Bee 
35 5442 | 5453 | 5465 | 5478 | 5400 | ss02 | 55x E Ss + 50-3) eae 9 10 I 
514 5527 5539 5551 a 3 a S 6 ay 9 10 If 
36 5563 5575 5587 | 550 ) 
9 56IL 6 Ay oe 
37 5682 5604 5705 5717 a6 ne ie a 5658 5670 | “reat ag 5 6) 7 OS eee 
38 erosistco ||| Sar. | sa32| s8ag, b segs | cee peti ae oN >iara s 6 7 | 8 9 10 
39 SOIT 5922 5933 5944 5955 5966 5977 5988 i pie ER es 
40 6021 6031 6042 6053 6064 6075 6085 Paar 999 Ore r : a 8 4 5 7 8 9 10 
; i j 9 6107 6117 I 2 3 | 4 5 6 8 9 10 
ry 138 6149 6160 6170 6180 61 
I 62 2 222 > 
42 6232 6243 6253 6263 6274 6784 Pe : or 6212 6222 I ai os a SSG : 8 9 
43 6335 6 94 304 6314 6325 I 2 3 5 6 
345 6355 6365 6375 6385 6305 6405 641 6425 eee oe 
44 6435 6444 6454 6464. 6474 6484 er 6 415s 425 | I 2 Sat 4 5 6 ~ 8 9 
45 6532 6542 6551 6561 Seve aus ‘ 93 503 6513 6522 i; 3.8. 78 a er ‘. 2 6m 
580 590 6500 6600 6618 ad ad 4, = Ss 7 5 Se 
46 6628 | 6637 | 6646 
he one 2 4 6656 6665 6675 6684 6603 6702 — : 4 ‘ 
48 Bree ours leer Apeec | ee etey | S208, | aan” | eee | has I : pe hy 
2t 830 68 68 is a. 4 5 & a a 
49 6902 | 6orr 6920 cae fh pe dete eke beri 6893 x. 2 3 4 aS 6 . 8 
50 6990 6998 7007 7016 7024 pee Sa 6064 6072 6081 ¥ “ayes oe oe 6 7 8 
a 7050 7050 7067 a er 
3 4 §& ee 
5I 7076 7084 70 ; 
52 7160 | 7168 oh eas miro | 7x8 | 7126 | 7135 | 7143 7152 > SS 
W277 7185 7103 7202 2 3 | 3 4 S$ 6 7 8 
53 7243 | gast | 7259 | 7267 | ya7s | a8 ATO" | TSE] aaa | Vange a0) pay Aye 6 ate 
54 Tez e\evags |p -4a40.| 43480 |  vaee ieee a ase 7308 | 7316 roa X\e 3 4 5 66. ae 
° 5 
od aS e es aha) Leraro | tAar |) vans a vag cll ane oe 7466 a eg ~ Sag 
7474 I 2 2 | 3 6 = 
56 7482 7490 7 3 4 8 5 7 
497 7505 ow 
57 7559 | 7566 | 7 3 | 7390 | 7838 | 7536 | a54q3 | Sssz eee ea 
58 7634 ie nhs 7582 7589 7597 7604 7612 7610 v6a7 3 ¢ s§ ee 
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The supplementary table at the right is used in the same manner as with the previous table. 
logarithm 4749, opposite 47 and under 4 read 2979 andin the same line under 9 read 6 which added to 2979 gives 2985, the natural number required. 
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RELATIONS OF THE TRIGONOMETRIC FUNCTIONS 
Trigonometric Functions and Formulas 
a tan cos 
__—_—  Cotangent ——>——_ sin a=—-=——=cosXtan =— = Z=V1- 
eae Bee ~ c cosec x sec cot 1 —e9e 
COS @ ae sin X cot ial Soe sin 
= | = a —sin2 
c sec cosec tan be 
a tan ae =sin X sec PR 2 2 
t b cot cones eps “EO 
e a Sg bh a 
g cose 
8 cot a=—-=7— =cosXcosec Pas cosec?— 1 
a a tan sec sin ae 
7 Cue cosec tan 
oh ; sec a=~=—— =tanXcosec=———=—— = V tan?+1 
b cos t c 
j<-—— Cosine -——>} 1 4 oa 
C sec cot 
coset 2=—=—= =cotXsec = —— =— =+7/ 2. 
a sin tan cos cot?+1. 
TABLE 5.—NATURAL TRIGONOMETRIC FUNCTIONS 
0° ie 2° 3° 4° 5° 
'° 
= se Tan. | Co-ran. || Tan. | Co-ran.|| Tan. | Co-ran.|| Tan. | Co-TAn.] * ’ | Tan. | Co-ran.]} Tan. j Co-ran. : Co-TANn 
© | .co000 | Infinite. || 01746 | 57.2900 |} .03492 | 28.6363 || .o5241 | 19.0811 en a : 
3 se ee ae 56.3506 || 03521 aoe 105270 ieaiee 50 : hee ta pe ae 8.14435 
‘ : 01804 | 55-4415 || .03550 | 28.1 ‘ 8. 0880’ ; pane 
3) Seat] Haze | Suet] Mis | | Bases | 2008 | Sota | © | 3) Se | ies | ag | ea een 
50-43 .01862 | 53-70 .03609 | 27.7117 || .05357 | 18.6656 | 56 07110 (06 .08866 ; : 
5 | .cor45 | 687.549 || .o18or | 52.8821 |] .03638 | 27.4899 || .05387 | 18.56 ot mp Rie 32-2769 8.066 
6 | 00175 | 572-057 01920 | 52.0807 || .o. i Dake Sates 5 | 27139 | 140070 T OSes | 2Eaaes % 
‘ ‘ .03067 | 27.2715 || 05416 | 18.4645 | 54 6 | .07168 | 1 089: peo 
7 | 00204] 491.106 |] .01949 | 51.3032 |} .03606 | 27.0566 || .0. 18.36. z oo pd tage 8.02848 
8 | .00233 | 429.718 01978 | 50.5485 || .o : ey eee es GER ecard Cees cd Gera 
‘ 7 03725 | 26.8450 || 05474 | 18.2677 | 52 8 tn 
9 | .00262 81.971 |} « : : pel Viagem) [eee 
cee tae [res acer aie | Bar es ae (eee irae 
. Af Oo - 
Ir | 00320] 312.521 || .02066 | 48.4121 || .03812 | 26.2206 6. Recs d| ope! pat, bate alte 
12] .00349 | 286.478 || 02005 | 47-7305 || .03842 | 26.0 96 |) .o5562 | 17.9802 | 49 || 11 | 07314 | 13.6719 || .og07x | 11.0237 
13 | 00378 | 264.441 || .o212 Bee nese 0307 || 05501 | 17.8863 | 48 || 12 | .07344 | 13.6174 || ooror | 10.9852 7-93438 
Bee coe Weasice | gecesi ll oioes | accesses f Suees | geoere ce ll ne lee ea ee 7 dorse 
15 | .00436 | 229.182 |} .02182 | 45.8204 || .0302 ; 105649 | 17.7015 | 46 || 14 | .07402 | 13-5008 || .09159 | 10.9178 re ce 
: : 9 | 25.4517 || .05678 | 17.6106 I 5 “ 
- ee bee pe ree 03058 | 25.2644 || .05708 | 17.5205 aa = Files eget a ee rte 
18 | .00524 Roo.sht horses wees boost Se oe oe 43 || 17 | 07490 13.3515 || 09247 phe : a 
IQ | .00. 3 & : 5 cq 42 I -O7519 | 13.2 
20 eee pose se pe oe eis pet] ee 41 || 19 | .07548 oe pos. otan —— 
21 | .co611 |} 163. f : : +1693 | 40 || 20 | .07578 | 13-1969 || .09335 | 10.711 7-78025 
Sel yea ghee ey ee 104104 | 24.3675 || .05854 | 17.0837 | 39 || 21 | .07607 | 13.146r || .09365 | 10.6 83 pao 
23| 00660 | 249.408 || 02415 | 4t-arc6 ll ogiée | ag.osds 105883 | 16.0900 | 38 | a2 | 107636 | 33.0958 || 9304 | 10.6450 — 
See Mere | Settoel| oats | 24-2903 | Deore 16.9150 | 37 || 23 | .07665 | 13.0458 || 09423 | 10.6118 7-73480 
25 | 00727 | 137.507 |} .02473 | 40.4358 91 | 23-8593 |] .o504r | 16.8319 | 36 || 24 | 07695 | 12.9962 || .00453 | 10.5780 Ly Bie 
26 See? 132.219 || .02502 ered eae ae Ree ve 35 || 25 | -07724 | 12.0460 Repo po pe 7-60057 
27 | 00785 | 127.321 || .02531 ‘ : ‘ 3 6081 | 34 || 26 | .07753 | 12.8081 Ir = 7-68208 
sate (cee | Sek ctee| Sant] coerg| cestre| ler] cape | Sea bee |e Taetse 
o 44 118. é : Bs - 2 07 a s 
29 | oo8t4 | 18.40 | 02580 | 38.6177 | o4ss7 | 25.0577 || 6087 | 16.4283 | 3x || 29 | o784r | 32.7536 || oodco | ro-st72 7.63005 
ee he eae scsell oecce ae Sk ee 30 || 30 | .07870 | 12.7062 |} .09629 10.3854 7-61287 
32 | sooge | ior.426 || 22047 | G7as70 | eases | zedozo|| certs | ses9s2 | 28 | 32 | Stomp | a20iou | Soass | 108555 7 sire 
: . 5 36.05 04454 | 22.4541 |] 06 pores |b 70.3324 : 
34 | .00989 | r01.107 || . 204 | 16.1190 | 27 07058 56 
$8) SoB8| SEE Sez | Seton | au | azo] oes | tooass | 28/54 fate | testo or | saan rats 
36 | .o1047 | 95.4805 || « ; ; ; 06262 | 15.9687 | 25 || 35 | .080 ay ; . 
37 01076 ea gah potas ee ees se he Shek 15-Bo4s 24 = pie eaaeaa pe Ue 10.1988 — 
38 | .o1r05 90.4633 || .02851 | 35.06 : ‘ 00321 | 15-S211 | 23 |} 37 | 0807 8 é 6: 
.0695 |] 04590 | 21.7426 || .06 5 | 12.3838 || .09834 | 10.168 per 
39 | 01135 88.1436 || 02881 | 34.71 350 | 15-7483 | 22 || 38 | 8:0. : 
: ~7I51 £04628 21.6056 06 j 4 | 12.3300 090864 10.1381 7-47806 
40 | 01164 | 85.9308 || 02010 | 34.3678 || 04658 | 21-4704 || 6208 | recto48 | 26 || 32] Sates | 72-2046 |] 0803 10.1080 Lp pan 
41 | or193 | 83.8435 || .02030 | 34.02 68 2 56048 | 20 || 40 | .08163 | 12.2505 || 09923 | 10.0780 Lp 
42 | 01222 81.8470 |] 02968 33.6 73 || 04 21.3369 || .06437 | 15.5340 | 10 || 41 | .o8to2 | 12.206 w cat 
43 | .o1251 "9.0434 || .02007 So abe, mae 6 Coy 15-4638 | 18 || 42 | .o82ar ehzecr Soon a 7-41240 
44 | .01280 8.1263 || . ; : 0747 || 06406 | 15.3043 | x ‘ 10.0187 
45 pce ieee he 33.0452 aya Aoome 06525 | 15.3254 ea 7 pst Sag -T0Oorr | 9.98031 Masten 
46 | .01338 | 74.7202 || .03084 | 32. ; 20.6188 || 06554 | 35-2571 | IS || 45 | 08 03 pace a Basar. 
: : ‘ 08309 | 12.0346 || .10069 7.36389 
47 | .01367 974.1300 || .0317 3 ae 04832 | 20.6932 |] .06584 | 15.1803 | 14 || 46 | .08 9.93101 
48 | 01396] 71.6151 || .0 4 | 32.1181 || 04862 | 20.5601 |} .06613 | 15.1222 | x 109339 | I1.9023 || T0099 | 9.902TT 7.34786 
/ 03143 | 31.8205 || 04801 6 f 3 || 47 | .08368 | r1.950 8] ¢ 7-331 
49 | .01425| 70.1533 || 03172 8 OF | 20-4405 || 06642 | 15.0557 | 12 || 48 | 08 rd eke BB il 1600 
50 | .or4ss 68.7501 || .0 31.5284 || .04020 | 20.3253 || .06671 | 14.0808 | 11 08307 | 11.0087 || .tors8 | 9.84482 7-31600 
. 03201 | 31.2416 || 04949 | 20.2056 || .06 49 | 08427 | 11.8673 |} 1018 8 a 
51 | 01484] 67.4019 || .0 *2050 || 00700 | 14.9244 | IO || 50 | 08456 | 11.8: pore Pee. 
: .03230 | 30.9500 || .04078 8 56 | 11.8262 || .t0216 | 9.7881 7-28442 
52 | 01513 66.1055 || .o 9 20.0872 || .06730 | 14.8506 7 
: 03259 | 30.6833 || .o500 51 | 8485 | rx.78 7-26873 
53 | 01542] 64.8580 || 0328 7 | 19.9702 |} 06750 | 14.7 wood || toad® | 9-76o09 
03288 | 30.4116]] , R 954 52 | .o8sr Ps 
54 | 01571 63.6567 || .03317 30-4 0 teas 19.8546 |) .06788 | 14.7317] 7 || 53 poe 4 | 11.7448 || .10275 | 9.73217 7-25310 
30.144! 05066 | 19.740 544 | II.70. G 7-2 
55 | 01600 | 62.4902 || .03346 | 20.882 9-7403 || .06817 | 14.6685 | 6 || 54 | .o85 ao Gecat | Choe aa04 
55 2icap| orstia|| ose | esse] oe | 320278 | O68 | 34059] 51/55 | ntos | r1.248 oss | suoas 720668 
0165 60.3058 || .0 : : 9.5150 |} 06876 | 14.5438] 4 || 56 | » 0248 |} 10303 | 9.64035 meee 
a 03405 | 20.3711 || ost 10. 50 | .08632 | r1.58 ‘ : 
z Fall 50.2650 || .03434 | 20.1220 eres 79-4051 06005 | 14.4823] 3/| 57 | .o866r acs = T0303 | 9.62205 hapa 
.O171 58.2612 || .03463 | 28.8771 , 19.2050 |] .06034 | 14.4212 | 2 || 58 08690 $4 -10422 | 9.50400 7-T7S04 
Bollea 46 IRE leper tld 05212 | 19.1879 || .06063 | 14.3607} 1 || so | ‘8 II.5072 || .t0452 | 9.56701 7-16071 
es 6363 || .05241 | 19.0811 |] 06903 | 14.3007 | 0 100720 | 11.4685 |] .1048r | 9.54706 7-T4553 
Co-ran.|| Tan. |iCo-ran.| Tan. ||Co-ran.| T C — || 2 | 28749 | 21-430F || .r0510 5 eo 
) : = . AN, O-TAN. ‘ - IT 
_ és Se a ee RS 1 en Conan) Tan. [Goran ices 
| } O-TAN.| TAN. 
Bn 83° 82° 
een seer eosin ee ee 


| 


Lal 
Co wronsunHo | » 


Sine 
Cosine 


Sine 
Cosine 

Tangent 
Cotangent + 
Secant 
Cosecant — 


Tangent 
Cotangent — 
Secant 

Cosecant 


“rs 


MATHEMATICAL TABLES 


SIGNS OF THE TRIGONOMETRIC FUNCTIONS IN THE Four QUADRANTS 


Cosine 


Tangent . 


Cotangent — 


Secant 


Cosecant + 


sin? atcos? a=1. 

sec? a=1-+tan? a. 

cosec? a=1-+ cot? a. 

sin (a+8)=sin a cos B+cos a sin B. 


sin (a—8) =sin a cos B—cos @ sin B. 
cos (a+) =cos @ cos B—sin a sin B. 
cos (a—f8) =cos a cos B+sin a sin B. 


tan (a+f) = 


tan (a—) = 


sin 2a@=2 sin a cos a. 


COs 2@=2 cos2a—t1. 


2 tan a 


- 1—tan? a 


tan 2a= 


tan a+tan B 
1—tan a@ tan 6 
tan a—tan 8 
1+tan a tan B 


TABLE 5.—NATURAL TRIGONOMETRIC FuNcTIONS—(Continued) 
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-18383 
-18414 
-18444 
18474 
218504 
+18534 
-18564 
-18504 
-18624 
-18654 
18684 
-18714 
18745 
-18775 
-18805 
-18835 


-18865 
«18895 
-18925 
-18955 
-18986 
-19016 
-19046 
-19076 
-19106 
-19136 
-19166 
*IQ107 
+19227 
-19257 
+19287 
-19317 
+19347 
+19378 
-19408 


-19438 


| Tan. ||Co-TaAN 
80° | 7 


10° 


Co-TAN. 


5.67128 
5.66165 
5.65205 
5.64248 
§-03205 
5.62344 
5.61307 
§.60452 
5.59511 
5-58573 
5-57038 
5.56706 
5-55777 
5.54851 
5-53927 
5.53007 
5.52090 
5.51176 
5-50264 
5-40356 
5-48451 
5.47548 
5-46648 
5-45751 
5.44857 
5-43906 
5-43077 
5-42192 
5-41309 
5-40429 
5-39552 
5.38677 
5.37805 
5-36936 
5-36070 
5.35206 
5-34345 
5-33487 
5-326031 
5.31778 
5.30928 
5.30080 
520235 
5.28393 
§-27553 
5.20715 
5-25880 
5.25048 
5.24218 
5.23391 
5.22506 
5-21744 
5.20025 
5.20107 
5.19203 
5.18480 
5.17671 
5.16863 
5.16058 
5.15256 


5-14455 


| TAN. 
g° 


LTS 


Tan, 


-19438 
-194608 
-19408 
-19520 
-19550 
-19580 
-I19619 
19649 
+19680 
+IQ7I0 
+19740 
-19770 
«19801 
-19831 
-19861 
-19891 
-1992I 
+19952 
-19982 
«20012 
«20042 
+20073 
+20103 
+20133 
+20104 
+20194 
+20224 
+20254 
+20285 
-20315 
+20345 
-20376 
+20406 
+20436 
-20406 
+20407 
+20527 
+20557 
-20588 
-20018 
-20648 


+20679 
+20709 
+20739 
+20770 
+20800 
.20830 
-20861 
-20891 
-20921 
+20952 


-20982 
-21013 
+21043 
-21073 
-21104 
+21134 
+21164 
-2T1905 
21225 
.21256 


Co-TAN 


hat 
78° 


Co-TaNn. 


5-14455 
5.13058 
5.12862 
5.12069 
5-11279 
5-10490 
5.09704 
5.08921 
5.08139 
5.07360 
5.00584 
5.05809 
5:05037 
5.04267 
5-03499 
5.02734 
5.01971 
5.01210 
5.00451 
4-99005 
4.98040 
4.98188 
4.07438 
4.96690 
4.95045 
4.05201 
4.94460 
4.03721 
4.92084 
4.92249 
4-91516 
4.90785 
4.90056 
4-80330 
4.83605 
4.87882 
4.87162 
4.86444 
485727 
4.85013 
4.84300 
4:83590 
4.82882 
482175 
4.81471 
4:80769 
4.80068 
4-79379 
4-78673 
4-77978 
4-77286 
4.76505 
4-75906 
475219 
4-74534 
4-73851 
4-73179 
4-72490 
4.71813 
4-71137 


4.70463 


AN. 


507 


Samus oe 


~ 


12° tse 14° 

+| Tan. ; Co-ran.|| Tan. | Co-ran.|| TAN. | Co-ran. 
© | .21256 | 4.70463 || .23087 | 4.33148 || .24033 | 4.01078 
I | .21286 | 4.69791 || .23117 | 4.32573 || .24064 | 4.00582 
2 | .21316 | 4.69121 |) .23148 | 4.32001 || .249005 | 4.00086 
3 | -21347 | 4.08452 || .23170 | 4.31430 || .25026 | 3-095092 
4 | -21377 | 4.67786 || .23209 | 4.30860 || .25056 | 3.99000 
5 | .21408 | 4.67121 || .23240 | 4.30291 || .25087 | 3.98607 
6 | .21438 | 4.66458 || .23271 | 4.20724 || .25118 | 3.08717 
7 | -21469 | 4.65707 || .23301 | 4.20159 || -25149 | 3.97627 
8 | .21409 | 4.65138 || .23332 | 4.28505 || .25180 | 3.07130 
9 | -21529 | 4.64480 || .23363 | 4-28032 || .25211 | 3.96651 
10 | .21560 | 4.63825 || .23393 | 4.27471 || .25242 | 3.96165 
II | .21500 | 4.63171 || .23424 | 4.26911 || .25273 | 3.95680 
12 | .21621 | 4.62518 || .23455 | 4.20352 || .25304 | 3.05106 
13 | .21651 | 4.61868 || .23485 | 4.25795 || -25335 | 3-94713 
14 | .21682 | 4.612109 |] .23516 | 4.25239 || .25306 | 3-04232 
15 | .21712 | 4.60572 || .23547 | 4.24685 || .25307 | 3-93751 
16 | .21743 | 4.50927 || .23578 | 4.24132 || .25428 | 3.03271 
17 | 21773 | 4.59283 || .23608 | 4.23580 || .25459 | 3-02703 
18 | .21804 | 4.58641 |] .23630 | 4.23030 || -25490 | 3.92316 
IQ | .21834 | 4.58001 || .23670 | 4.22481 || .2552I | 3.91839 
20 | .21864 | 4.57363 || .23700 | 4.21933 |] -25552 | 3.91364 
ar | .21895 | 4.56726 || .23731 | 4.21387 || .25583 | 3.90890 
22 | .21925 | 4.56091 || .23762 | 4.20842 || .25614 | 3.90417 
23 | .21050 | 4.55458 || .23703 | 4.20208 || .25645 | 3-80045 
24 | .21986 | 4.54826 || .23823 | 4.19756 || 25676 | 3.80474 
25 | .22017 | 4.54106 || .23854 | 4.19215 |] .25707 | 3.80004 
26 | .22047 | 4.53568 || .23885 | 4.18675 |} .25738 | 3.88536 
27 | .22078 | 4.520941 || .23016 | 4.18137 || -25769 | 3.88068 
28 | .22108 | 4.52316 || .23046 | 4.17600 || .25800 | 3.87601 
29 | .22130 | 4.51693 |} .23077 | 4.17064 |] .25831 | 3.87136 
go | .22169 | 4.51071 || .24008 | 4.16530 |} .25862 | 3.86671 
31 | .22200 | 4.50451 || .24039 | 4.15007 || .25803 | 3.86208 
32 | .22231 | 4.49832 || .24060 | 4.15465 |] .25024 | 3.85745 
33 | .22261 | 4.49215 || .24100 | 4.14034 || .25055 | 3-85284 
34 | .22292 | 4.48600 || .24131 | 4.14405 || -25086 | 3.84824 
35 | .22322 | 4.47986 || .24162 | 4.13877 || .20017 | 3.84364 
36 | .22353 | 4.47374 || -24193 | 4.13350 |] .26048 | 3.83906 
37 | .22383 | 4.46764 || .24223 | 4.12825 || .26079 | 3.83449 
38 | .22414 | 4.46155 || .24254 | 4.12301 || .26110 | 3.82092 
39 | .22444 | 4.45548 || .24285 | 4.11778 || .26141 | 3.82537 
40 | .22475 | 4.44942 || .24310 | 4.11256 || .26172 | 3.82083 
41 | .22505 | 4.44338 || .24347 | 4.10736 || .26203 | 3.81630 
42 | .225360 | 4.43735 || -24377 | 4.10216 || .26235 | 3.81177 
43 | .22567 | 4.43134 || .24408 | 4.00690 || -26266 | 3.80726 
44 | .22507 | 4.42534 || 24430 | 4.00182 || .26297 | 3.80276 
45 | .22628 | 4.41936 || .24470 | 4.08666 || .26328 | 3.70827 
46 | .22658 | 4.41340 || .24501 | 4.08152 || .26350 | 3-70378 
47 | 22680 | 4.40745 |] .24532 | 4.07630 || .26300 | 3-78031 
48 | .22710 | 4.40152 || .24562 | 4.07127 || .26421 | 3.78485 
49 | .22750 | 4.39560 || «24503 | 4.06616 || .26452 | 3.78040 
50 | .22781 | 4.380969 || .24624 | 4.06107 || .26483 | 3-77505 
5x | .228rr | 4.3838t || .24655 | 4.05500 |] .26515 | 3.77152 
52 | .22842 | 4.37703 || .24686 | 4.05002 || .26546 | 3.76700 
53 | .22872 | 4.37207 || .24717 | 4.04586 |} .26577 | 3.76268 
54 | .22003 | 4.36623 || .24747 | 4.04081 26608 | 3.75828 
55 | -22034 | 4.36040 |] .24778 | 4.03578 || .26630 | 3-75388 
56 | .22064 | 4.35459 || .24809 | 4.03075 || -26670 | 3.74950 
57 | .22005 | 4.34879 || .24840 | 4.02574 || .26701 | 3.74512 
58 | .23026 | 4.3.4300 || .24871 | 4.02074 || .26733 | 3-74075 
59 | .23056 | 4.33723 || -24002 | 4.01576 || .26764 | 3-73640 
.23087 | 4.33148 |] .24033 | 4.01078 || .26705 | 3-73205 

* |Co-ran.| Tan. |/Co-ran.' Tan. |/Co-ran.' Tan. 

ithe 76° 75° 


1 


TAN. 


26705 
-20826 


+20857 
+20888 
-26920 
-20051 
-26982 
+27013 
-27044 
-27076 
+27107 
27138 
+27109 
-27201 
27232 
-27203 
+27204 
.27320 
+27357 
27388 
-27419 
+2745 
27482 
27513 
27545 
+27570 
-27607 
.27638 
.27070 
+2701 
+27732 
27704 
*27795 
-27826 
27858 
-27889 
«27920 
+27952 
27983 
.28015 
.28046 


.28077 
.28100 
.28140 
.28172 
.28203 
.28234 
.28206 
.28207 
-28320 
+28300 
28301 
.28423 
28454 
.28486 
28517 
-28549 
.28580 
28612 
.28643 


-28675 
Co-TAN. 
ff 


5° 


Co-TAN 


3-73205 
3-72771 
3-72338 
3-71907 
3-71476 
3-71046 
3-70616 
3-70188 
3-60761 
3-60335 
3-68909 
3-68485 
3-68061 
3-67638 
3-67217 
3-66796 
3-66376 
3-65057 
3-65538 
3.65121 
3-64705 
3.64289 
3-63874 


3.60181 
3-59775 
3-59379 
3-58966 
3.58562 
3-58160 
3-57758 
3-57357 
3-56057 
3-50557 
3.50150 
3-55701 
3-55304 
3-54908 
3-54573 
3-54179 
3-53785 
353303 
3-53001 
3-52009 
3-52219 
3.51829 
3-51441 
3-51053 
3-50066 
3-50279 
3-49804 
3-49509 
3-40125 


3-48741 


TAN. 
4° 


15 
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TABLE 5.—NATURAL TRIGONOMETRIC F UNCTIONS—(Continued) 
16° ie 18° 19° 90° 91° 
Tan. | Co-TAN. Co-TAN. Co-Tan. | ’ | Tan. | Co-ran.|| Tan. | Co-ran. 
.28675 | 3.48741 || .30573 | 3-27085 || -32492 | 3.07768 2.90421 | 60 o | -36307 | 2-74748 2.60509 2.47509 
128706 | 3.48350 || .30605 | 3.26745 || 32524 | 3.07464 2.90147 | 59 x | 36430 | 2-74499 2.60283 2.47302 
128738 | 3.47077 || -30037 | 3.26406 || .32556 | 3.07160 2.89873 | 58 2| 36403 | 2-74251 2.60057 2.47005 
128769 | 3.47500 || .30669 | 3.26067 || .32588 | 3.00857 2.89600 | 57 .30490 | 2.74004 2.59831 2.46888 
2 3.47216 || .30700 | 3.25729 || 32621 | 3.00554 2.89327 | 55 : .36529 | 2-73750 2.59006 2.46682 
.28832 | 3.46837 || .30732 | 3-25392 || -32653 | 3.06252 2.89055 | 55 : 36502 | 2.73509 2.59381 2.46476 
.28804 | 3.46458 || 30764 | 3.25055 || -32085 | 3.05950 2.88783 | 54 g .30505 | 2-73263 2.59156 2.46270 
.28805 | 3.46080 || .30706 | 3.24719 || .32717 | 3.05049 2.88511 | 53 .30628 | 2.73017 2.58932 2.46065 
.28927 | 3-45703 || .30828 | 3.24383 || -32749 | 3-05349 2.88240 | 52 Z .36661 | 2.72771 2.58708 2.45860 
.28958 | 3-45327 || -30860 | 3.24049 || .32782 | 3.05049 2.87970 | 51 9 | -36604 | 2-72526 2.58484 2.45655 
-28990 Sige .30891 | 3.23714 || °32814 | 3.04749 2.87700 | 50 to | -36727 | 2-72281 2.58261 2.45451 
.29021 | 3.44576 || .30023 | 3.23381 || 32846 | 3.04450 2.87430 | 40 
.29053 | 3-44202 || .30055 | 3-23048 || -32878 | 3.04152 Oe 48 a Sab ees eae oe 
.29084 | 3.43820 || .30087 | 3-22715 |} 32911 | 3.03854 2.86892 | 47 a erie 2.71 548 Pe a7 aaa 
29116 | 3.43456 || .31010 | 3.22384 || -32043 | 3.03550 2.86624 | 46 23 3685 2.71305 peti a Pt 
20147 | 3.43084 |] 31051 | 3.22053 || -32075 | 3.03260 2.86356 | 45 SA sason tear veata ip week 
20179 | 3-42713 || .31083 | 3-21722 |] -33007 | 3.02063 2.86089.| 44 i || ee ‘ Bike ee 
16 | .36925 | 2-70819 2.56928 2.44230 
-29210 | 3.42343 || -31115 | 3-21302 || -33040 3.02667 2.85822 | 43 6058 | 2.70577 2.5670 2 
290242 | 3.41073 || 31147 | 3.21063 || .33072 | 3.02372 2.85555.| 42 i sae : ergre! enim 
ae Bee leans 18 }| -36901 | 2-70335 2.56487 2.43825 
9274 | 3.41004 |} .31178 | 3-20734 || -33104 | 3.02077 2.85289 | 41 024 | 2 2.56266 6 
-29305 | 3-41236 || .31210 | 3.20. +33130 | 3.01783 2.85023 | 40 bis Now pa ae : ae 46 nee 
.20337 | 3.40860 || .31242 | 3.20079 || .33160 | 3.01489 2.84758 | 39 70 2.69612 2.5582 
.20308 | 3.40502 || .31274 | 3.19752 |} 33201 | 3.01196 2.84494 | 38 ae hoes at a eoars pre! py aan 
.20400 | 3.40136 || .31306 | 3.10426 || .33233 | 3.00003 2.84229 | 37 pea ted bay C ar oet 55 2.43019 
20432 | 3-30771 || .31338 | 3.19100 || .33206 | 3.00611 2.83065 | 36 23 | -37157 por ae Hes 2.553890 2.42819 
-20403 | 3.30406 || .31370 | 3.18775 || .33208 | 3.00310 2.83702 | 35 a ered 686 ; ous yore 
20405 | 3.30042 || 31402 | 3.18451 || «33330 | 3.00028 2.83430 | 34 ae - 4 2.08 = BR es —— 
-29526 | 3.38670 || .31434 | 3-18127 || -33363 | 2.00738 2.83176 | 33 2 cata epreaed : 2.54734 2.42218 
29558 | 3-38317 || -31466 | 3.17804 |] .33305 | 2.00447 2.82014 | 32 4 37299 ae 175 | 2.54510 2.42019 
29590 | 3.37055 || .31408 | 3.1748: || -33427 | 2.00158 2.82653 | 31 Sip ty Bea meat —s 
.2902 | 3.37594 || -31530 | 3-17159 || «33460 | 2.98868 2.82391 | 30 2 37333 piles — ———— 
20053 | 3-37234 || .31562 | 3-16838 |] .33402 | 2.08580 2.82130 | 20 6 ee eee 
29085 | 3.36875 || .31504 | 3.16517 || 33524 | 2.98202 2.81870 | 28 SE | GS aaa ee 2.53648 ] Soarens 
+29716 | 3.36516 || .31626 | 3.16197 || .33557 | 2.98004 2.81610 | 27 33) 37435. 2 2-53432 aka 
.29748 | 3.36158 || .31658 | 3.15877 || 33580 | 2.07717 2.81350 | 26 33 | -37488 | 2.66752 2.53757 2.40827 
.29780 | 3.35800 || .31690 | 3.15558 |] 33621 | 2.07430 2.81001 | 25 34 | -3752t | 2.60516 2590c2 ay 
29811 | 3-35443 || -31722 | 3-15240 || .33654 | 2.07144 2.80833 | 24 35 | -37554 | 2-66281 | 2.52786 2.40432 
.20843 | 3-35087 || .31754 | 3-14922 |] .33686 | 2.96858 2.80574.| 23 36 | -37588 | 2.66046 | 2.52571 2.40235 
29875 | 3.34732 || 31786 | 3-14605 |] .33718 | 2.06573 2.80316 | 22 37 |.-37621 | 2.65811 2.52357 2.40038 
.29006 | 3.34377 || -31818 | 3.14288 || .33751 | 2.96288 2.80059 | 21 38 | -37654 | 2.65576 | 2.52142 2.30841 
29038 | 3-34023 || -31850 | 3.13972 || -33783 | 2.96004 2.79802 | 20 39 | -37687 ae / 2.51020 2.30645 
.29970 | 3.33670 || -31882 | 3.13656 || .33816 | 2.95721 2.79545 | 19 4° see hence aes 2.30449 
30001 | 3.33317 || 31014 | 3.1334r || 33848 | 2.05437 2.79289 | 18 41 | 37754 | 2.64875 | - 2.51502 2.30253 
.30033 | 3-32065 || 31046 | 3.13027 || .3388z | 2.05155 3.70033) | x77 42 | .37787 | 2.64642 2.51289 2.30058 
-30005 | 3.32014 || .31078 | 3.12713 || -33913 | 2.04872 anepie [20 ae eeeee | eee s-5Ta7 2.38862 
.30097 | 3-32264 || .32010 | 3.12400 || .33045 | 2.04500 2.78523 | 15 44 | -37853 | 2.64177 2.50864 2.38668 
30128 | 3.31914 || .32042 | 3.12087 || .33078 | 2.04300 ayeace |itg |) Ae Stee? | oases 2.50652 2.38473 
.30160 | 3.31565 || 32074 | 3.11775 || 34010 | 2.04028 2.78014 | 13 40 | 337090 | 3.65774 2.50440 2.38279 
-30192 | 3.31216 || .32106 | 3.11464 || .34043 | 2.03748 2.77761 | 12 47 | -37953 | 2.03483 2.50229 2.38084 
.30224 | 3.30868 || .32130 | 3.11153 || 34075 | 2.903468 2.77504 | Ir 48 | -37 2.63252 2.50018 |} .42036 | 2.37801 
+30255 | 3.30521 || .32171 | 3.10842 |} .34108 | 2.93180 2.77254 | 10 49 Fe 2.63021 2.49807 || .42070 | 2.37607 
-30287 | 3.30174 || .32203 | 3.10532 |] .34140 | 2.92010 2.77002 | 9 50 | -38053 | 2.62791 2.49507 || 42105 | 2.37504 
-30310 | 3.290820 || .32235 | 3-10223 |] -34173 | 2.92032 2.76750 | 8 51 | -38086 | 2.62561 2.49386 || .42139 | 2.37311 
.30351 | 3.20483 || .32267 | 3.09914 || .34205 | 2.02354 2.76408 | 7 Sp psd ire 2.49177 || 42173 | 2.37118 
30382 | 3.29139 || .22200 | 3.00606 || .34238 | 2.92076 2.76247 | 6 53 | -38153 | 2.62103 2.48067 |} .42207 | 2.36025 
+30414 | 3.28705 || .32331 | 3.09208 || .34270 | 2.01700 2.75006 5 54 | -38186 | 2.61874 2.48758 || .42242 2.30733 
30446 | 3.28452 || .32363 | 3.08001 || .34303 | 2.01523 2.78746 4 55 | -38220 | 2.61646 2.48540 || .42276 2.30541 
-30478 | 3.28109 || .32306 | 3.08685 || .34335 | 2.01240 $7546 56 | .38253 | 2.61418 2.48340 || .42310 | 2.36340 
30509 | 3.27767 || .32428 | 3.08370 || .34368 | 2.00071 2.75246 ~ 57 | -38286 | 2.61190 2.48132 || 42345 | 2.36158 
+3054 | 3.27426 || .32460 | 3.08073 || .34400 | 2.00606 2.74007 | I 58 | .38320 | 2.60063 || . 2.47024 || .42370 | 2.35007 
+30573 | 3.27085 || .32402 | 3.07768 || .34433 | 2.90421 2.74748 | 0 Pd “38353 pent 3 2.47710 || .42413 | 2.35770 
Co-ran.! Tan pre en Fides pet eal Pec 2.47500 || .42447 | 2.35585 
; - , f 
730 70° tay or eter oT AN ear 


2.32107 
2.32012 
2.31826 


2.31641 
2.31456 
2.31271 
2.31086 
2.30902 
2.30718 
2.30534 
2.3035! 
2.30167 
2.29084 
2.209801 
2.29619 
2.20437 
2.20254 
2.20073 
2.28801 
2.28710 
2.28528 
2.28348 
2.28167 


2.27087 
2.27806 
2.27626 
2-27447 
2.27267 
2.27088 
2.26900 
2.26730 
2.26552 
2.26374 
2.26196 
2.26018 
2.25840 
2.25663 
2.25486 
2.25300 
2.25132 
2.24056 
2.24780 
2.24604 
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TABLE 5.—NATURAL TRIGONOMETRIC FuNcTIONS—(Continued) 


25° 26° 272 
Co-rTan. || Tan. Co-TAN. 
2.14451 || .48773 | 2.05030 1.96261 | 60 
2.14288 || .48809 | 2.04870 1.96120 | 59 
2.14125 || .48845 | 2.04728 || .51026 | 1.95070 | 58 
2.13063 || .48881 | 2.04577 |] .51063 | 1.05838 | 57 
2.13801 || .48917 | 2.04426 || .51009 | 1.05608 | 56 
2.13630 || -48053 | 2.04276 || .51136 | 1.05557 | 55 
2.13477 || -48089 | 2.04125 || .51173 | 1.05417 | 54 
2.13316 || .49026 | 2.03075 || .51209 | 1.05277 | 53 
2.13154 || .49062 | 2.03825 || .51246 | 1.95137 | 52 
2.12003 || .49008 | 2.03675 || .51283 | 1.04007 | 51 
2.12832 || .40134 | 2.03526 || .51310 | 1.94858 | 50 
2.12671 |] .49170 | 2.03376 || .51356 | 1.904718 | 40 
2.12511 || .49206 | 2.03227 || .51303 | 1.04579 | 48 
2.12350 || .49242 | 2.03078 || .51430 | 1.94440 | 47 
2.12190 || .49278 | 2.02920 || .51467 | 1.94301 | 46 
2.12030 || .49315 | 2.02780 || .51503 | 1.904162 | 45 
2.11871 || .49351 | 2.02631 || .51540 | 1.04023 | 44 
2.11711 || .49387 | 2.02483 || 51577 | 1.03885 | 43 
2.11552 || -40423 | 2.02335 || 51614 | 1.93746 | 42 
2.11302 || .404590 | 2.02187 || .51651 | 1.93608 | 41 
2.11233 || -49405 | 2.02030 || -51688 | 1.93470 | 4o 
2.11075 || .49532 | 2.01891 || .51724 | 1.03332 | 30 
2.10916 || .49568 | 2.01743 || -5176I | 1.93105 | 38 
2.10758 || .49604 | 2.01506 || .51798 | 1.93057 | 37 
2.10600 || .49640 | 2.01449 |] .51835 | 1.92920 | 36 
2.10442 || .49677 | 2.01302 |] .51872 | 1.92782 | 35 
2.10284 || .49713 | 2.01155 }] -51909 | 1.92645 | 34 
2.10126 || .49749 | 2.01008 || .51946 | 1.92508 | 33 
2.00969 || .49786 | 2.00862 || .51983 | 1.92371 | 32 
2.09811 || .49822 | 2.00715 || .52020 | 1.92235 | 31 
2.09654 || .49858 | 2.00569 || .52057 | 1.92008 | 30 
2.09498 || .49894 | 2.00423 || .52004 | 1.91062 | 20 
2.00341 || .4993I | 2.00277 || -5213I | 1.91826 | 28 
2.09184 || .49067 | 2.00131 || -52168 | 1.91690 | 27 
2.09028 || .50004 | 1.99086 |] .52205 | 1.91554 | 26 
2.08872 || .50040 | 1.99841 || .52242 | 1.91418 | 25 
2.08716 || .50076 | 1.99695 || -52279 | 1.91282 | 24 
2.08560 || .50113 | 1.99550 || -52316 | 1.91147 | 23 
2.08405 || .50149 | 1.99406 || -52353 | 1.91012 | 22 
2.08250 || .50185 | 1.99261 || -52390 | 1.90876 | 21 
2.08094 || .50222 | I-99116 || -52427 | 1.90741 | 20 
2.07939 || .50258 | 1.98972 || .52464 | 1.90607 | 19 
2.07785 || .50295 | 1.98828 || .52501 | 1.90472 | 18 
2.07630 || .50331 | 1-98684 |} .52538 | 1.00337 | 17 
2.07476 || .50368 | 1.98540 || .52575 | 1.90203 | 16 
2.07321 || .50404 | 1.98306 || .52613 | 1.90069 | 15 
2.07167 || .50441 | 1.98253 || .52650 | 1.80035 | 14 
2.07014 || .50477 | 1.981T0 |} .52687 | 1.80801 | 13 
2.06860 || .50514 | 1.97966 || .52724 | 1.89667 | 12 
2.06706 || .50550 | 1.97823 || .5276r | 1.80533 | II 
2.06553 || .50587 | 1.97680 || .52798 | 1.89400 | 19 
2.06400 || .50623 | 1.97538 || .52836 | 1.89266 9 
2.06247 || .50660 | 1.97395 || -52873 | 1-89133 8 
2.06094 || .50696 | 1.97253 || -52910 | 1.89000 7 
2.05042 || .50733 | 1.97111 || .52047 | 1.88867 6 
2.05790 || .50769 | 1.960969 || .52084 | 1.88734 5 
2.05637 || .50806 | 1.96827 || .53022 | 1.88602 4 
2.05485 || .50843 | 1.96685 || .53059 | 1.88460 3 
2.05333 || 50870 | 1.96544 || -53006 | 1.88337 | 2 
2.05182 || .50916 | 1.96402 || .53134 | 1.88205 I 
2.05030 | -50953 1.96261 || .53171 | 1.88073 | © 
| Tan. |\Co-ran.! Tan. ||Co-ran.' Tan. | ” 
64° I. - 63° 62° 


Ln] 
Jo or AnaweHo | 


509 
28° 29° 30° i 2 ote 
Tan. | Co-ran. || Tan. | Co-ran.|| Tan. | Co-ran.|| Tan. | Co-ran. 
53171 | 1.88073 || .55431 | 1.80405 || .57735 | 1.73205 || 60086 1.66428 | 60 
+53208 | 1.870941 || .55469 | 1.8028r || .57774 | 1.73089 || .60126 1.66318 | 59 
+53246 | 1.87809 || .55507 | 1.80158 || .57813 | 1.72073 || 60165 1.66209 | 58 
+53283 | 1.87677 || .55545 | 1.80034 || .57851 | 1.72857 || 60205 1.66099 | 57 
+53320 | 1.87546 || .55583 | 1-70011 || .57800 | 1.72741 || .60245 1.65990 | 56 
+53358 | 1.87415 || .55621 | 1.79788 || .57020 | 1.72625 || 60284 | 1.65881 | 55 
+53305 | 1.87283 || .55650 | 1.70665 || .57068 | 1.72509 || .60324 | 1.65772 54 
+53432 | 1.87152 || .55607 | 1.70542 || .58007 | 1.72303 || .60364 | 1.65663 | 53 
53470 | 1.87021 || .55736 | 1.70419 || .58046 | 1.72278 || .60403 1.65534 | 52 
53507 | 1.86801 |} .55774 | 1-70206 || .58085 | 1.72163 || .60443 | 1.65445 | 5x 
+53545 | 1.86760 || .55812 | 1.79174 || .58124 | 1.72047 || .60483 1.65337 | 50 
+53582 | 1.86630 || .55850 | 1.70052 || .58162 | 1.71932 || .60522 | 1.65228 | 40 
+53020 | 1.86400 || .55888 | 1.78029 || .5820r | 1.71817 || .60562 | 1.65120 48 
+53057 | 1.86360 || .55026 | 1.78807 || .58240 | 1.71702 || .60602 | 1.65011 | 47 
+53604 | 1.862309 || .55064 | 1.78685 || .58279 | 1.71588 || 60642 | 1.64903 | 46 
+53732 | 1.86109 || .56003 | 1.78563 || .58318 | 1.71473 || .6068r | 1.64705 | 45 
53709 | 1.85079 |] .56041 | 1.78441 || .58357 | 1.71358 || .60721 | 1.64687 | 44 
+53807 | 1.85850 || .56079 | 1.78319 || .58306 | I.71244 || .6076r | 1.64570 | 43 
53844 | 1.85720 || .56117 | 1.78108 || .58435 | 1.71129 || .6080r | 1.64471 | 42 
+53882 | 1.85501 |] .56156 | 1.78077 || .58474 | z.71075 || .6084r | 1.64363 | 41 
53920 | 1.85462 || .56194 | 1.77955 || -58513 | 1-70907 || .60881 | 1.64256 | 40 
53057 | 1.85333 || -56232 | 1.77834 || -58552 | 1.70787 || 60921 | 1.64148 | 30 
53995 | 1.85204 || .56270 | 1.77713 || -58591 | 1.70673 || .60960 | 1.64041 | 38 
+54032 | 1.05075 || .56309 | 1.77502 || .58631 | 1.70560 || .61000 | 1.63934 | 37 
+54070 | 1.840946 || .56347 | 1.77471 || -58670 | 1.70446 || 61040 | 1.63826 | 36 
-54107 | 1.84818 || .56385 | 1.77351 || .58700 | 1.70332 || .61080 | 1.63719 | 35 
-54145 | 1.84689 || .56424 | 1.77230 || .58748 | 1.70219 || .6r120 | 1.63612 | 34 
54183 | 1.84561 || .56462 | 1.77110 || .58787 | 1.70106 || .6r160 | 1.63505 | 33 
+54220 | 1.84433 || .56500 | 1.76000 || .58826 | 1.69092 || .61200 | 1.63308 | 32 
+54258 | 1.84305 || .56530 | 1.76869 || .58865 | 1.60870 || .61240 | 1.632092 | 31 
+54206 | 1.84177 || .56577 | 1.76749 || -58904 | 1.69766 || .61280 | 1.63185 | 30 
+54333 | 1-84049 || .56616 | 1.76630 |} .58944 | 1.69653 |! .61320 | 1.63070 | 20 
54371 | 1.830922 || .56654 | 1.76510 || .58983 | 1.69541 || .61360 | 1.62972 | 28 
+54409 | 1.83704 || -56603 | 1.763090 || .59022 | 1.69428 |] .61400 | 1.62866 | 27 
-54446 | 1.83667 || .56731 | 1.76271 || .5q906r | 1.69316 || .61440 | 1.62760 | 26 
-54484 | 1.83540 || .56760 | 1.76151 |} .5q9101 | 1.69203 |} .61480 | 1.62654 | 25 
+54522 | 1.83413 || .56808 | 1°76032 || «59140 | 1.690901 || .61520 | 1.62548 | 24 
-54500 | 1.83286 || .56846 | 1.75013 |} .59179 | 1.68070 || .61561 | 1.62442 | 23 
+54507 | 1-83150 || -50885 | 1.75704 || -59218 | 1.68866 |} .61601 | 1.62336 | 22 
-54035 | 1.83033 || -56023 | 1-75675 || 59258 | 1.68754 || .61641 | 1.62230 | 21 
-54673 | 1.82906 || .56962 | 1.75556 || .59207 | 1.68643 || .6168r | 1.62125 | 20 
«54711 | 1.82780 || .57000 | 1.75437 || .50336 | 1.68531 || .6172r | 1.62019 | 19 
-54748 | 1.82654 || .57030 | 1.75319 || .50376 | 1.68410 || .61761 | 1.61914 | 18 
-54780 | 1.82528 || .57078 | 1.75200 || .50415 | 1.68308 || .6180r | 1.61808 | 17 
-54824 | 1.82402 || .57116 | 1.75082 |] .50454 | 1.68196 || .61842 | 1.61703 | 16 
-54862 | 1.82276 || .57155 | 1.74064 || .50404 | 1.68085 || .61882 | 1.61508 | 15 
-54900 | 1.82150 |] .57193 | 1-74846 || .50533 | 1-67074 || .61922 | 1.61403 | 14 
-54038 | 1.82025 || .57232 | 1.74728 || .59573 | 1-67863 || .61962 | 1.61388 | 13 
-54075 | 1.81899 || .57271 | I-74610 || .59612 | 1.67752 || .62003 | 1.61283 | 12 
«55013 | 1.81774 || .57300 | I-74492 || .59651r | 1.67641 || .62043 | 1.61179 | iI 
-55051 | 1.81649 || .57348 | 1.74375 || 59601 | 1.67530 || .62083 | 1.61074 | Ic 
-55089 | 1.81524 || .57386 | 1.74257 || .50730 | 1.674109 || .62124 | 1.60070 fe) 
+55127 | 1.81300 || .57425 | 1.74140 || .50770 | 1.67300 || .62164 | 1.60865 8 
-55165 | 1.81274 || .57464 | 1.74022 || .59809 | 1.67108 || .62204 | 1.60761 7 
-55203 | 1.81150 || .5'1503 | I-73005 || -50840 | 1.67088 || .62245 | 1.60657 6 
-55241 | 1.81025 || .57541 | 1-73788 || .50888 | 1.66978 || .62285 | 1.60553 5 
55279 | 1.80901 || .57580 | 1.73672 || .50028 | 1.66867 || .62325 | 1.60440 4 
55317 | 1.80777 || .57619 | 1-73555 || -50067 | 1.66757 || .62366 | 1.60345 | 3 
+55355 | 1-80653 || .57657 | 1.73438 || .60c27 | 1.66647 || .62406 | 1.60241 2 
55303 | 1.80520 || .57606 | 1.7332E || .60046 | 1.66538 || .62446 | 1.60137 I 
55431 | 1.80405 || .57735 | I-73205 |} 60086 | 1.66428 || .62487 | 1.60033 ° 
Co-ran.' Tan. ||Co-ran.! Tan. |/Co-tan.! Tan. pose. TAN. 
61° 60° te} 58° 
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TABLE 5.—NATURAL TRIGONOMETRIC Functions—(Continued) 
32° 33° 34° 35° | 36° CY be 
>| Tan. | Co-ran.|| Tan. | Co-ran. |] Tan. | Co-ran.|| Tan. | Co-ran. | ’ ’ | Tan. | Co-TAn Co-TAN. Co-TAN. 
o | .62487 | 1.60033 || -64041 | 1-53086 || 67451 | I -48256 || -70021 | 1.42815 | 60 o | .72654 | 1.37638 1.32704 1.23490 
1 | .62527 | 1.59030 || .64982 | 1-53888 || .67403 1.48163 || -70064 | 1.42726 | 50 1 | .72699 | 1.37554 1.32624 1.23416 
2 | 62568 | 1.59826 || .65023 | 1.53791 || 67536 1.48070 || .70107 | 1.42638 | 58 2 | .72743 | 1-3747° 1.32544 1.23343 
3 | .62608 | 1.59723 || 65065 | 1.53603 -67578 | 1.47077 || -7O15I | 1.42550 | 57 3 | .72788 | 1.37386 1.22464 1.23270 
4 | .62649 | 1.59620 || .65106 | 1-53595 || .67620 | 1.47885 || «70194 | 1.42462 | 56 4 | -72832 | 1.37302 1.32384 1.231096 
5 | 62689 | 1.59517 || .65148 | 1.53407 || 67663 | 1-47792 || -70238 | 1.42374 | 55 5 | .72877 | 1.37218 1.32304 1.23123 
6 | .62730 | 1.50414 || .65189 | 1.53400 || .67705 | 1.47600 70281 | 1.42286 | 54 , 6] .7202I | 1.37134 1.32224 1.23050 
7 | 62770 | 1.59311 || 65231 | 1-53302 || 67748 | 1.47607 || «70325 } 1.42108 | 53 4 | .72966 | 1.37050 1.32144 1.22077 
8 | .628r1 | 1.59208 || °65272 | 1.53205 || 67790 | 1.47514 || -70368 | 1.42110 | 52 8 | .73010 | 1.36067 1.32004 1.22904 
9 | 62852 | 1.59105 || .65314 | 1-53107 || 67832 | 1.47422 || -70412 | 1.42022 | 5 | 9g | .73055 | 1.36883 1.31984 1.22831 
10 | .62892 | 1.59002 || .65355 | 1-53010 || .67875 | 1.47339 || «70455 | I-41934 | 50 1a | -73100 | 1.36800 1.31904 1.22758 
x1 | .62933 | 1.58900 || .65307 | 1-52013 || 67917 | 1.47238 || 70490 | 1.41847 | 49 || sx | .73144 | 1.36776 || .75858 | 1.31825 |) 1.22685 
12 | 62073 | 1.58707 || .65438 | 1-52816 |] .67960 | 1.47146 || .70542 | 1.41759 | 48 || 12 | .73189 | 1.36633 || -75004 | 1-31745 1.22612 
13 | .63014 | 1.58695 || .65480 | 1.52719 || .68002 | 1.47053 -70586 | 1.41672 | 47 | 13 | 73234 | 1-36549 |] -75950 | 1.31666 1.22530 
14 | .63055 | 1.58593 || 65521 | 1.52622 || .68045 | 1.46962 || .70620 1.41584 | 46 14 | .73278 | 1.36466 || .75906 1.31586 1.22407 
15 | .63005 | 1.58490 || .65563 | 1.52525 || 68088 | 1.46870 || «70673 | 1.41407 | 45 15 | .73323 | 1-36383 |} -76042 | I-31507 1.22304 
16 | .63136 | 1.58388 || .65604 | 1.52420 || .68130 | 1.46778 || .70717 | 1.41409 | 44 || 16 | .73368 | 1.36300 || .76088 | 1.31427 1.22321 
17 | .63177 | 1-58286 |] .65646 | 1.52332 || .68173 | 1.46686 || .70760 | 1.41322 | 43 | 17 | .73413 | 1-36277 || -76134 | 1-31348 1.22 
18 | 63217 | 1.58184 || .65688 | 1.52235 || 68215 | 1.46595 || .70804 | 1.41235 | 42 18 | .73457 | 1.36133 || -76180 | 1.31260 Sean 
19 | .63258 | 1.58083 || .65729 | 1-52130 |] 68258. | 1.46503 || .70848 | 1.41148 | 41 19 | .73502 | 1.36051 || .76226 | 1.31190 1.22104 
20 | .63200 | 1-5798r || .65771 | 1-52043 || .68301 | 1.46411 || .70891 | 1.41061 | 4o 20 | .73547 | 1-35968 || -76272 | 1.31110 1.22031 


2x | .63340 | 1.57879 || .65813 | 1-51946 || 68343 | 1.46320 || -70035 | 1.40074 | 30 ar}. 2] 1.3588. 6318 | 1.31031 

22 | .63380 | 1.57778 || 65854 | 1-51850 || .68386 | 1.46220 || «70079 | 1.40887 | 38 22 pee Sein eae Pesce 121886 
23 | 63421 | 1.57676 || .65806 | 1.51754 || 68429 | 1.46137 || -71023 | 1.40800 | 37 23 | -73681 | 1.35719 || -76410 | 1.30873 1.21814 
24 | 63462 | 1.57575 || -65038 | 1-51658 || .68471 | 1.46046 || «71066 | 1.40714 | 36 24 | .73726 | 1-35637 || .76456 | 1-30795 1.21742 
25 | .63503 | 1.57474 || 65080 | 1.51562 || .68514 | 1.45055 || -71110 | 1.40627 | 35 2s | .7377E | 1.35554 || -76502 | 1.30716 1.21670 
26 | .63544 | 1.57372 || 66021 | 1.51406 || .68557 ; 1.45864 || -71154 | 1.40540 | 34 26 | .73816 | 1.35472 || .76548 | 1.306037 1.21508 
27 | 63584 | 1.57271 || .66063 | 1.51370 || .68600 | 1.45773 || «71108 | 1.40454 | 33 27 | .73861 | 1.35380 || .76504 | 1.30558 1.21526 
28 | .63625 | 1.57170 || 66105 | 1.51275 || .68642 | 1.45682 |] .71242 | 1.40367 | 32 28 | .73906 | 1.35307 || .76640 | 1.30480 || .70440 | 1.25867 1.21454 


1.21382 


1.21310 


29 | .63666 | 1.57069 || .66147 | 1.51179 || .68685 | 1.. 2 || .7128 1.4028 6686 

30 | .63707 | 1.56969 || .66189 | 1.51084 || .68728 aio: vie fees = Ee ea ae Ee pF Se : _— phe 
31 | 63748 | 1.56868 || 66230 | 1.50088 || .68771 | 1.45410 |] .71 : ; : ; : ; 5642 

32 | 63780 | 1.56767 || .66272 | 1.50803 “688 Lp coyeee ree eee 28 = ae = ae 76779 ip Th omy eg 
33 63830 1.56667 || .66314 | 1.50707 || .68857 | 1.45220 || .71461 | 1.39036 | 27 Sealy alee aero Seat — per prep 
34 | .03371 | 1.56566 || .66356 | 1.50702 || .68900 | 1.45130 || .71505 | 1.30850 | 26 2 eee ee om Ber 7 —— 
35 | -63012 | 1.56466 || .66308 | 1.50607 || .68942 | 1.45040 || .71540 | 1.30764 | 25 Sie Bees aoe) ree te pot i (pepe esd 
36 | .63053 | 1.56366 || .66440 | 1.50512 || 68085 | 1.44058 || .71503 | 1-30070 | 24 = Thee 1.34732 || -76064 | 1.20031 || «70781 | 1.25343 
37 | -63004 | 1.56265 || .66482 | 1.50417 || .69028 | 1.44868 || .71637 | 1.30503 | 23 36 | .74267 | 1.34650 || .77010 | 1.20853 || -79520 | 1.25208 
38 | .04035 | 1.56165 || .66524 | 1.50322 || .6907r | 1.44778 || «71681 | 1.39507 | 22 37 | -74312 | 1.34568 [] °77057 | 1.2077 -7987 1.25103 
39 | 64076 | 1.56065 || .66566 | 1.50228 || 69114 | 1.44688 || .71725 } 1.30421 | 2 38 | 74357 | 1.34487 | pears. tapes] ee Se 
40 | .64117 | 1.55966 || .66608 | 1.50133 || .69157 | 1.44508 || -71769 | 1.30336 | 20 30 | -74402 | 1.34405 || .77140 | 1-20618 || .7o072 | 1.25044 
41 | 64158 | 1.55866 || 66650 | 1.50038 || .69200 |} 1.44508 || .71813 = 250 | I 40 | RAE AS ee ee 
Ag)|\.64169 4) 1155766 || “66602 | 1.40044 || 69243 | x.a44z8 || 71857 on ie ie || 42 | -74492 | 3-34242 |] 77242 | x-a9463 |] SooGy | x-ae8os 
43 | 64240 | 1.55666 || .66734 | 1.49840 || .69286 | 1.44320 || 71901 | 1.30070 | 17 42)) 74598 | 234100) rete | as ee eee 
44 | 64281 | 1.55567 || .66776 | 1.40755 || .69320 | 1.44230 || .71046 | 1.38004 | 16 43 | -74583 | 1.34079 || .77335 -29307 || 80163 | 1.24746 
45 | -64322 | 1.55467 || 66818 | 1.4966r || .69372 | 1.44149 || .71000 | 1.38000 | 15 44 | -74628 | 1.33008 || .77382 -29229 || So2rr | 1.24672 
46 | 64363 | 1.55368 || .66860 | 1.49566 || .69416 | 1.44060 |] .72034 1.38824 14 45 | -74674 | 1.33016 || .77428 | 1.20152 || 80258 | 1.24507 
47 | 64404 | 1.55269 || .66902 | 1.49472 || 69450 | 1.43070 || «72078 | 1.38738 | 13 46 | -74719 | 3.33835 || -77475 29074 |} 80306 | 1.24523 
48 | .64446 | 1.55170 || .66944 | 1.40378 || .69502 1.43881 || .72122 | 1.38653 | 12 47 | -74764 | 3.33754 || -7521 -28007 || 80354 | 1.24449 
49 | .64487 | 1.55071 |] 66086 | 1.49284 || ‘6954s | 1.43792 || «72366 | 1.38508 | 22 || 45 | ‘74820 | 133073 || -77568 | 1-289r9 |] Sogo2 | 1.24375 
50 | .64528 | 1.54972 || 67028 | 1.49190 || .69588 | 1.43703 || .72211 | 1.38484 | 10 49 | -74855 | 1.33502 || .77615 | 1.28842 || 80450 | 1.24307 
51 | 64569 | 1.54873 || 67071 | 1.49007 || .69631 { 1.43614 -72255 | 1.38300 ee eee eee nh on aes 
52 | .64610 | 1.54774 || 67113 | 1.49003 || .69675 | 1.43525 || .72200 1.38314 5 | -74046 | 1.33430 || .77708 | 1.28687 || So546 | 1.24153 
53 | .64652 | 1.54675 |] 67155 | 1.48000 || .69718 | 1.43436 || -72344 | 1.38220 52 | -7400% | 1.33349 |] -77754 | 1-28610 || Boso4 | 1.24079 
54 | 64693 | 1.54576 || .67107 | 1.48816 || .6976r | 1.43347 || «72388 | 1 38145 53 | -75037 | 1.33268 || .7780r -28533 || 80642 | 1.24005 
Pe 64734 | 1.54478 || 67230 | 1.48722 || 69804 | 1.43258 || .72432 1.38060 | 54 | -75082 | 1.33187 |} .77848 -28456 || 80600 | 1.23031 
56 | 64775 | 1.54379 || .67282 | 1.486209 || .60847 | 1.43160 || «72477 | 1.37076 : : 1.33107 || .77805 | 1.28370 || 80738 | 1.23858 
57 | 64817 | 1.54281 1.43080 || «72521 | 1.3780r 56 “75173 1.33026 || .7704T -28302 || .80786 | 1.23784 
1.42002 || .72565 | 1.37807 | vanes (oo sabes Wes 28225 | 80834 | 1.23710 
1.42903 || .72610 | 1.37722 5 “752 4 | 1.32865 || .78035 28148 || 80882 | 1.23637 
1.42815 || 272654 | 1.37638 50 | «75310 | 1.32785 || .78o082 | 1.2807r |] 80030 | 1.23563 
60 | .75355 | 1.32704 || .78120 | 1.27004 |] 80978 | 1.23400 


-' Tan. |\Co-ran.! Tan. G 
} A a o-TAN.' Tan. |/Co-ran.! Tan. [!Co-ran.! Tan. 
55 54 §3° 52° 51° ae 


BRESEA BLES BRCSERSSES BABSLASASS BUKERaSsese | 


ne 
no 


Mt 


ee ee ee | 


. 
| On RwWEU ANT WO 
nn 
nm 
a 
mn 
_ 
to 
oe 


nl 
So mronaes wo | > 


MATHEMATICAL TABLES 


TABLE 5.—NaTURAL TRIGONOMETRIC FuNcTIoNs—(Continued) 


40° 41° 
Tan. | Co-TAn. Co-TAN. 
-83910 | 1.19175 1.15037 
83960 | 1.19105 1.14969 
«84009 | 1.19035 || .87031 | 1.14902 
-84059 | 1.18964 || .87082 | 1.14834 
84108 | 1.18894 || .87133 | 1-14767 
-84158 | 1.18824 || .87184 | 1.14600 
-84208 | 1.18754 || 87236 | 1.14632 
-84258 | 1.18684 || .87287 | 1.14565 
-84307 | 1.18614 || .87338 | 1.14408 
84357 | 1.18544 || 87380 | 1.14430 
84407 | 1.18474 || 87441 | 1.14363 
-84457 | 1.18404 |] .874092 | 1.14206 
84507 | 1.18334 || 87543 | 1.14220 
84556 | 1.18264 || .87505 | 1.14162 
84606 | 1.181094 || .87646 | 1.14005 
84656 | 1.18125 || 87608 | 1.14028 
84706 | 1.18055 || .87749 | 1-13061 
84756 | 1.17986 || 87801 | 1.13804 
84806 | 1.17916 || -87852 | 1.13828 
-84856 | 1.17846 || 87904 | 1.13761 
84906 | 1.17777 || 87955 | 1-13604 
84956 | 1°17708 || .88007 | 1.13627 
85006 | 1.17638 || 88059 | 1.13561 
.85057 | 1.17569 || 88130 | 1.13404 
-85107 }' 1.17500 || .88162 | 1.13428 
85157 | 1.17430 || 88214 | 1.13361 
-85207 | 1.17361 || 88265 | 1.13205 
85257 | 1.17292 || -88317 | 1.13228 
85307 | 1.17223 || -88369 | 1.13162 
-85358 | 1.17154 || -88421 | 1.13096 
-85408 | 1.17085 |} .88473 | 1.13029 
85458 | 1.17016 || .88524 | 1.129063 
85509 | 1.16947 || .88576 | 1.128907 
85559 | 1.16878 || .88628 | 1.12831 
85609 | 1.16809 || .88680 | 1.12765 
.85660 | 1.16741 || .88732 | 1.12609 
85710 | 1.16672 || .88784 | 1.12633 
85761 | 1.16603 || .88836 | 1.12567 
85811 | 1.16535 || - I.I2501 
-85862 | 1.16466 || 88940 | 1.12435 
85912 | 1.16398 || -88902 | 1.12360 
85963 | 1.16329 || 89045 | 1-12303 
-86014 | 1.16261 || 89097 | 1.12238 
86064 | 1.16192 || -89149 | 1.12172 
86115 | 1.16124 || 89201 | 1.12106 
.86166 | 1.16056 || .89253 | 1.12041 
-86216 | 1.55987 || 89306 | 1.11975 
-86267 | 1.15919 || .890358 | 1.11909 
86318 | 1.15851 || 89410 | 1.11844 
-86368 | 1.15783 || -89463 | 1.11778 
86419 | I-15715 || 89515 | 1-11713 
-86470 | 1.15647 || .89567 | 1.11648 
86521 | 1.15579 || -89620 | 1.11582 
86572 | 1.15511 || -89672 | 1.11517 
-86623 | 1.15443 || -80725 | 1-11452 
86674 | 1.15375 || -80777 | 1-11387 
.86725 | 1.15308 || .89830 | 1.11321 
-86776 | 1.15240 || .89883 | 1.11256 
.86827 | 1.15172 || .80935 | I-ITI9I 
86878 | 1.15104 || .89988 | 1.11126 
86929 | 1-15037 || .goo4o | I.1106r || « 
Co-ran.!| Tan. |/Co-ran.' Tan 
49° 48° 


42° 


Co-Tan. 


1.10349 
1.10285 
1.10220 
I.I0156 
I.10091 
1.10027 
1.09963 
1.09809 
1.09834 
1.09770 


1.09706 
1.090642 
1.09578 
I.090514 | 
1.09450 
1.09386 
1.09322 
1.09258 
I.09195 
1.09131 
1.09067 
1.09003 
1.08940 
1.08876 
1.08813 
1.08749 
1.08686 
1.08622 
1.08550 
1.084096 
1.08432 
1.08369 
1.08306 
1.08243 
1.08179 
1.08116 
1.08053 
1.07990 
1.07027 
1.07864 
1.07801 
1.07738 
1.07676 
1.07613 
1.07550 
1.07487 
1.07425 
1.07362 
1.07200 
1.07237 


43° 
Tan. | Co-ran. 
+93252 | 1.07237 
+93306 | 1.07174 
93360 | 1.07112 
93415 | 1.07049 
93469 | 1.06087 
-03524 | 1.06025 
-03578 | 1.06862 
-03033 | 1.06800 
93688 | 1.06738 
-03742 | 1.06676 
93797 | 1.06613 
93852 | 1.06551 
+93006 | 1.06489 
03061 | 1.06427 
04016 | 1.06365 
94071 | 1.06303 
*94125 | 1.06241 
94180 | 1.06179 
94235 | 1.06117 
-94290 | 1.06056 
+94345 | 1.05004 
*94400 | 1.05032 
-04455 | 1.05870 
+94510 | 1.05809 
945605 | 1.05747 
-94620 | 1.05685 
94676 | 1.05624 
-0473I | 1.05562 
94786 | 1.05501 
04841 | 1.05430 
94896 | 1.05378 
94052 | 1.05317 
95007 | 1.05255 
-95062 | I.05194 
95118 | 1.05133 
-95173 | 1.05072 
-905229 | I.05010 
-95284 | 1.04040 
-95340 | 1.04888 
95395 | 1.04827 
95451 | 1.04766 
-95506 | 1.04705 
-95562 | 1.04644 
-95618 | 1.04583 
-95673 | 1.04522 
-95729 | 1.04461 
-95785 | 1.04401 
95841 | 1.04340 
-95897 | 1.04279 
-95952 | 1.04218 
-96008 | 1.04158 
.96064 | 1.04007 
«96120 | 1.04036 
.96176 | 1.03976 
.96232 | 1.03915 
.96288 | 1.03855 
96344 | 1.03704 
96400 | 1.03734 
.96457 | 1.03674 
-96513 | 1.03613 
96569 | 1.03553 
Co-TAN.| TAN, 
46° 


. 
| eeeer er es 


44° 44° 44° 
‘| Tan. | Co-ran.| ’ || ’ | Tan. | Co-ran.| ’ || “ | Tan. | Co-ran. 
© | .96569 | 1.03553 = 21 | .97756 | 1.02295 | 39 || 41 .98901 | I.O1112 
I | .96625 | 1.03493 | 50 || 22 | .97813 | 1.02236 | 38 || 42 | .98058 | 1.01053 
2} .96681r | 1.03433 | 58 || 23 | .97870 | 1.02176 | 37 || 43 | .09016 | 1.00904 
3 | -96738 | 1.03372 | 57 || 24 | .07027 | 1.02117 | 36]! 44 | .99073 | 1.00035 
4| .96704 | 1.03312 | 56]| 25 |' .97984 | 1.02057 | 35 || 45 -Q913I | 1.00876 
5 | .96850 | 1.03252 | 55 || 26 | .o8041 | 1.01998 | 34 || 46 |° .99189 | 1.00818 
6 | .96907 | 1.03192 | 54 || 27 | .98098 | 1.01930 | 33 || 47 | 90247 | 1.007590 
7 | 96963 | 1.03132 | 53 || 28 | .o8155 | 1.01879 | 32 || 48 99304 | 1.00701 
8 | .97020 | 1.03072 | 52]|| 29 | .98213 | 1.01820 | 31 || 40 99362 | 1.00642 
9 | -97076 | 1.03012 | 51 || 30 | .98270 | 1.01761 | 30|| 50 | .90420 | 1.00583 
TO | -97133 | 1.02052 | 50 || 37 | 98327 | 1.01702 | 29 || 51 | .09478 | 1.00525 
II | .97189 | 1.02892 | 49 || 32 | .98384 | 1.01642 | 28 || 52 -909536 | 1.00467 
I2 | .97246 | 1.02832 | 48 || 33 | .o844t | 1.01583 | 27 || 53 -09504 | 1.00408 
13 | -97302 | 1.02772 | 47 || 34 | .08400 | 1.01524 | 26]| 54] .99652 | 1.00350 
14 | -07350 | 1.02713 | 46 |] 35 | .98556 | 1.01465 | 25 || 55 -997I0 | 1.00291 
I5 | .07416 | 1.02653 | 45 || 36 | .08613 | 1.01406 |} 24 |] 56 99768 | 1.00233 
16 | .07472 | 1.02593 | 44|| 37 | .98671 | 1.01347 | 23 || 57 -99826 | 1.00175 
17 | .07520 | 1.02533 | 43 || 38 | .08728 | 1.01288 | 22 || 58 | .99884 | 1.00116 
18 | .07586 | 1.02474 | 42 || 39 | .08786 | 1.01229 | 21 || 50 | .99942 | 1.00058 
19 | .07643 | 1.02414 | 41 || 40 | -98843 | 1.01170 | 20 || 60 | r I 
20 | .07700 | 1.02355 | 4o 
* |Co-ran.! Tan. | ’ || % |Co-ran.!| Tan. | % || ¢ | Co-ran.! Tan. 
45° 45° ° 
NATURAL SINES AND COSINES 
0° 0° 0° 
‘| Sng | Cosine } / || ’ StnE | Cosine] 7” || ” StnE_ | CosINE 
© | .00000 | I 60 || 2t | .co61r | .99908 | 30 || 41 | .01103 | .99003 
I | .00029 | I 59 || 22 | 00640 | .99908 | 38 || 42 | .o1222 | .99003 
2] .oo058 | 1 58 || 23 | .00669 | .99908 | 37 || 43 | .o1251 | -99002 
3 | .00087 | 1 57 || 24 | .00698 | .99998 | 36 || 44 | .01280 | .99002 
4] .00116 | r 56 || 25 | .00727 | .99907 | 35 || 45 | .o1300 | .oQ00r 
5 | 00145 | 1 55 || 26 | .00756 | .99007 | 34 || 46 | .01338 | .oo90r 
6 | .oo175 | x 54 || 27 | .00785 | .90007 | 33 || 47 | .01367 | -99902 
7 | .00204 | I 53 || 28 | .00814 | .99007 | 32 || 48 | .01306 | .99090 
8 | .00233 | 1 52 || 29 | .00844 | .999006 | 31 || 49 | .01425 | -90090 
Q | .00262 | I sr || 30 | .00873 | .90996 | 30 || 50 | .01454 | .90080 
EOD OO2017 | 5 5° || 3r | .oog02 | .99906 | 20 || 5r | .01483 | .o9080 
II | .00320 -99999 | 49 || 32 | .00031 | .90006 | 28 || 52 | .01513 | .o0080 
12 | .00349 | .99009 | 48 || 33 | .00960 | .99005 | 27 || 53 | .01542 | .90088 
13 | .00378 | .09000 | 47 || 34 | .c0o80 | -o9005 | 26 || 54 | .or571 | .99088 
14 | .00407 99999 | 46 || 35 | .o1018 | .o9905 | 25 || 55 | .o1600 | .99987 
15 | .00436 99999 | 45 || 36 | .o1047 | .o0005 | 24 || 56 | .01629 | .90087 
16 | .00465 99999 | 44 || 37 | .01076 | .90004 | 23 || 57 | .o1658 | .o0986 
17 | .00495 | .99000 | 43 || 38 | .o1105 | .09004 | 22 || 58 | .01687 | .99986 
18 | .00524 | .90909 | 42 || 30 | .o1134 | 00004 | 21 || 50 | 01716 | .o0085 
19 | .00553 | .00008 | 41 || 40 | .o1164 | .90993 | 20 || 60 | .01745 | .o9085 
20 | .00582 99908 | 40 
‘ |Costne| SINE ‘ || “ | Costne | Sine | ¢ || ’ | Cosme! Sine 
89° 89° o 
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TABLE 5.—NATURAL TRIGONOMETRIC Functions—(Continued) 
rec Te - # 5° 6° 7° 
mz | Cosine || Sine | Cosive|| Srvz | Cosrne|| Sine | Costne | ’ Paes 
be m INE | Cosine|} Sine | CosrnE|| SINE INE || SINE 
Ph = Cos CosINE 
01745 | .90985 |] .03490 | .90939 || .05234 | .90863 || .06076 | .99756 | 60 | ee 
Belz | eeeae ll essere | soose'||'sose6s | o086n || e7cos: | 09734 | go fl +3 setae sabe) es 
01803 | .99084 || .03548 | .99037 || .05202 | .99860 |] .07034 | .90752 | 58 paetiey -12216°| .99251 || -13046 
01832 | .99983 || 03577 | .90036 || .o532r | .00858 || .07063 | -00750 | 57 | “0880 -12245 | .99248 || 13075 
01862 | .99983 || .03606 | .09035 || .05350 | -90857 || .o7002 | -00748 | 56 | 2 enc -12274 | -09244 || -14004 
01891 | .90982 || .03635 | -99034 || .05370 | -00855 || .07121 | .09746 | 55 “08860 pa Pino bees 
01920 99982 03604 99933 |] -.05408 | .90854 || .o7150 | .00744 | 54 J z : 338 -12331 -990237 -14061 
or949 | .99981 || .03603 | -0032 || 03437 | 00852 |] .07179 | -o0742 | 53 | $8918 1az6o | 90233 ) -x4099 
01978 | .99089 || .03723 | .09031 || .05466 | -o9851 || .07208 | .99740 ze | a 0 a -12389 | .99230 || -14119 
ee! 99980 |} .03752 | .99930 || 05405 | .90849 || .07237 | .00738 | 5x || 9 ones zagi®' | gees 0 -eaeee 
102036 | .99979 || .03781 | .09029 || .o5524 | .00847 || .07266 | .00736 | 50 | 10 | .og005 -12447 | -99222 || -14177 
02065 | .99979 || .03810 | .99927 || .05553 | -99846 || .07205 | .00734 | 4 -12476 | .99219 || -14205 
02094 | .99978 || .03839 | .09026 || .05582 | .90844 || .07324 | .00731 3 Pia pg see +12504 | -092I5 || -14234 
02123 | .90077 || .03868 | .99025 || .o56rz | .99842 || .0735 2 4 ceil psc -12533 | -90211 || -14263 
02152 | .99977 || .03807 | .90024 || .05640 | .oo84r eet iota ay 13 | .c9092 112562 | .99208 || -x4292 
02181 | .99076 || .03026 | .990023 || .05669 | .90830 || .o7411 | .00725 4 || cee -I2591 | .99204 |} .14320 
0221t | .99976 || .03055 | .99022 || .05608 | .09838 || .07440 45 I5 | .ogI15o0 -12620 | .99200 1 
©2240 | .99075 || .03084 | -99921 || .05727 | -00836 01469 iene a 38 -12649 | .99197 24378 
02269 | .99974 ||| 4013 | .o99r0 || 05756 | 00834 || 07408 | .oo7z 43 17 | .09208 -12678 | .990193 14407 
02298 | .90974 || 04042 | 90918 | .05785 | 90835 |} .07527 pore tae eee -12706 | .gor80 || -14436 
327 | -90973 || .04072 99917 || 05814 99831 || 07556 | .o9714 | 4o pas eer -12735 | -99186 14464 
02356 | .90972 || .o4100 | .99016 || .05844 | .90820 |} .07585 ae ee -12764 | .99182 || .14403 
838s ppere:|| 94320: {00035 enya ooser ihoreie | corte Sein Gelicasee 12793 | -90178 |} -14522 
99971 || .04159 | .909013 || .o5002 | .99826 || .0764 8 poe -12822 I , 
02443 99970 || .o4188 | .o9912 05031 BORe s 3 | -9970 37 23 | .09382 -QOI75 || -14551 
ce 4 || .07672 | .99705 6 -12851 -OOI7I -14580 
02472 | .99969 || .04217 | .oo91I |} .05960 3 igal meee Z 
C ‘ 99822 || .o7701 | .9970 -12880 | .99167 || .14608 
102501 | .99969 || .04246 | .oggr0 |} .o5080 8 Sano 25/3/0440 Po 
: 99821 || .07730 | .o970r -12908 | .99763 |} .146 
02530 68 |} 34 26 | .0946 3 4037 
22539 | 35908 || 04273 | 90009 || otor8 | 99819 |! 07739 | -ooe09 | 33 | a7 | ‘ooaos “angy | gores || 29680 
Be MMe coal nas sail ocose || cecoye | costa Wosbee |oecea | oe ant oe ee 
02618 | .99966 || .04362 | .99005 || .o6105 reas Cu ee, 31 29 | .09556 - a 001 52 14723 
" - . - 2 I 47 
ox647 | 90065 | o4apr | oon | a6rae | oo8te |] orsns | os | 2a | 31 | soon “3053 | ‘Songs || a78e 
. 04420 02 || .06 r 09014 
02705 | .99063 || 04449 Be = oets 99810 || 07904 | .99687 | 28 32 | .00642 -1308r | .o914r || .r4810 
[ole) 9 99808 07 68 13110 
02734 | .99963 || .04478 | .99000 || .06221 | .o9806 x O38 99085 | 27 33 | -09671 =13 -00137 || .14838 
02763 | 90063 || 4507 | 90808 || o6aso | pogoa || coveor | Speae. | ae |’ St | 22709 “T3139 | 90133 || -14867 
Peel osooebeussoal oseer | ceavodl| cosee cool ere Ia een | eee -13168 | .99120 || .14806 
Sioa Mb ongco iltoaneeel ocsee Bee Mage 08020 | .00678 | 24 36 | .00758 *I3107 | -OOT25 || -14025 
02850 | .99959 |] .o4504 | .908 06 9980r || 08049 | .99676 | 23 | 37 | .09787 13226 | -orse ] -14054 
©2879 | .99050 || .04623 re eee 99799 |} .08078 | .90673 | 22 38 | .00816 -13254 | .99118 || .14982 
02908 99958 046 $ 99797 08107 -99671 2t 6 -13283 -QOTI4 -I501r 
95 4653 | .99802 || 06305 | .99705 || 08136 | 199668 | 20 39 0845 .13312 11 5 
02938 | .99057 || .04682 | .99890 |} .06424 | .007 816 49 | .00874 yo -99 = -T5040 
02967 | .99956 || .04711 | .99880 || .06453 peat of 5 | .90666 | 19 41 | .09903 002 -15069 
©2996 | .99955 || .04740 | .90888 || .06482 | .99700 RA: 99664 | 18 | 42 | .09932 -13370 | .90102 |} .15007 
03025 | .99954 || .04769 | .90886 || .06511 90788 = 3 | .9966r | 17 43 | .co06r -13300 | -o9008 || .15126 
03054 99953 || .04708 | .99885 || .o6540 50786 ‘ pase 99650 | 16 44 | .00090 -13427 | -Q0004 IS5ISS 
03083 | 99982 || ‘04827 | .09883 || .06560 | 109784 || .o8310 99057 | 15 | 45 | -10019 -13456 | -ggoor |} -15184 
03112 | .99952 |} .04856 | .90882 || .06508 pouba ean 99654 | 14 | 46 | 10048 “13485 | .90087 || -15212 
O314I | .9995I || .04885 | .99881 || .06627 | .99780 Stee 99652 | 13 47 | .10077 13514 | -ogd83 |] .1524T 
©3170 | .99950 || .04914 | .99870 || .06656 900778 eo 09649 | 12 48 | .10106 *13543 | -00079 || .I15270 
03100 | .99949 |} .o4o43 | -90878 || 106685 | [09776 || ossee 99647 | 1x | 49 | .r0135 -13572 | 00075 || -15200 
03228 | .99948 || .04972 | .99876 || .06714 | .o077 3 +00044 | Io §0 | 10164 ee a Q007T || .15327 
©3257 | .00947 || 05001 | .90875 || .06743 | -007 o age 5 | 99642 | 9 5I | .ror92 “T3029 | 99067 || -15356 
03286 | .99046 || .05030 | .990873 || .06773 9 le 08484 | .00639 8 52 | .t0221 13658 | .99063 |] 15385 
103316 | .90045 || .05059 | .09872 || .06802 Bat a8 90637 | 7 | 53 | .t0250 -13687 | .o000 |} .15414 
©3345 | .00044 || .05088 | .00870 || .06831 | .00766 aire 99035 | 6 | 54 | .10279 513716 | .o9055 || .15442 
case | soos | osrey | Soaro | Seuss | Sox | ars | oes |g | | So zasee | Sst fae 
£05146 | .99867 || « ; : 4 || 560] .x -13773 | -000 a5 
03432 | ‘ooo4r || 05175 | 99866 Gene pales ea eee a "10306 ‘z3hoe | ayens i cee 
03461 | -o0040 || 105208 | 190864 |] ‘o6o47 | ‘90758 || o86e7 | Seezs | 2 || SS | 70395 -13831 | .00030 || 15557 
©3499 | -90930 || .05234 | .09863 || .06076 pedi 08687 | .90622 z 50 | 10424 .13850 | .99035 || -15586 
Cosine | Sinz || C el ase Beacons 99619 | 0 || 60 | .10453 .13889 | .o903r |] .xs61 5 
88° OSINE - Sine ||Costne! Sine ||Cosine| Sine | / Ty hha ‘T3017 | .00027 || .15643 
87 ° 8 Cosine a ———. 
: 30° g4° Cosine os SINE_ || Cosine 
8: 81° 


II 


+1503 

15959 | .98718 

-15988 } .08714 

-160t7 | .98709 

-16046 | .98704 

-16074 | .98700 

-16103 | .98695 

16132 | .93690 

-16160 | .93089 

-16189 | .9868r 

16218 | .98676 || .17037 
-16246 | .98671 || .17966 
-16275 | .98667 || .17005 
-16304 | .98662 |] .18023 
16332 | .98657 || .18052 
-16361t | .98652 || .18081 
-16390 | .98648 || .18109 
-16419 | .98643 || .18138 
-16447 | -98638 || .18166 
-16476 | .98633 || .18105 
-16505 | .98629 || .18224 
-16533 | .98624 || .18252 
-16562 | .98619 || .18281 
-16591 | .98614 |] .18300 
-16620 | .98609 |} .18338 
-16648 | .98604 || .18367 
-16677 | .98600 || .18305 
-16706 | .o8s05 || .18424 
16734 | .98590 || .18452 
-16763 | .98585 || .1848z 
-16792 | .98580 || .18509 
-16820 | .98575 || .18538 
-16849 | .98570 || .18567 
-16878 | .98565 || .18505 
-16906 | .98561 || .18624 
-16935 | .98556 || .18652 
-16964 | .98551 || .18681 
-16902 | .98546 18710 
-17021 | .98541 18738 
-17050 | .98536 18767 
-17078 | .98531 |} .18705 
-17107 | .98526 || .18824 
-17136 | .98521 || .18852 
-17164 | .98516 || .18881 
-17193 | .o8511 18910 
17222 | .98506 18938 
-17250°] .o850r 18967 
17279 | .93406 || .18005 
-17308 98401 || .19024 
-17330 98486 || .19052 
-17305 98481 || .19081 
Costne | SINE || CosINE 

80° 
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TABLE 5.—NATURAL TRIGONOMETRIC Funcrions—(Continued) 
ae 2° 13° 14° 15° 16° 
| Sinz | Cosrne | Costne | ’ Stine | Costve|} Sine | Cosive|} Smeg | Cosine || Sine | Cosme | ” 
5 -t908r | .98163 || .20791 | .97815 | 60 "Se .22405 | .« 7 {| .24192 | .97030-|| .25882 | .96593 || .27564 | .96126 | 60 
5 est -98157 || .20820 | .97809 | 50 I Egoere Hoe +24220 | .97023 || .25910 | .90585 || .27592 | .96118 | 59 
: ae 198152 |} .20848 | .97803 | 58 2 | .22552 | .97424 || .24249 | .97015 |} .25038 | .06578 |] .27620 | .o6110 | 58 
x -19167 | .98146 || .20877 | .07707 | 57 3 | .22580 | .97417 || .24277 | .97008 || .25966 | .96570 || .27648 | .o6102 | 57 
: ‘T9195 | -98140 || .20905 | .o7701 | 56 4 | -22608 | .97411 |] .24305 | .o7001-|| .25004 | .06562 || .27676 | .96004 | 56 
c 19224 | .98135 |} .20033 | .07784 55 5 | .22637 | .97404 || -24333 | .96004 |} -20022 | .96555 || .27704 | .96086.| 55 
‘ +19252 | .98129 || .20962 | .97778 | 54 6 | .22665 | .07308 || .24362 | .96087 || .26050 | .96547 || .27731 | .06078 | 54 
i 19281 | .98124 |] .20990 | .07772 | 53 4 | .22603 | .07301 || -24300 | .96980 |} .26079 | .96540 || .27759 | .96070 | 53 
ki -19309 | .98118 || .21019 | .97766 | 52 8 | .22722 | .97384 || -24418 | .96973 || .26107 | .96532 || .27787 | .o6062 | 52 
: +19338 | .oS112 || .21047 | .07760 | 5r 9 | 22750 | .97378 |] .24446 | .96006 || .26135 | .06524 |] .27815 | .96054 | 51 
: +19306 | .98107 || .21076 | .97754 | so ro | .22778 | .97371 || -24474 | .96059 || -26163 | .96517 || .27843 | .96046 | 50 
-98425 || .10305 | .98ror || .2t104 | .97748 | 40 .22807 | .97365 || .24503 | .96052 || .26101 | .96509 || .27871 | .96037 | 40 
-98420 |} .19423 | .98096 || .21132 | .07742 | 48 BS .228 a ee 88 ae ae Boon 5 || .26219 | .96502 || .27S99 | .96029 | 48 
-98414 |} 19452 | .9So90 || .21161 | .07735 | 47 13 | .22863 | .97351 || .245590 | .06037 || .26247 | .96404 || .27027 | .96021 | 47 
-08409 || .1948r | .98084 |} .21189 | .07720 | 46 14 | .22892 | .97345 || .24587 | .96030 || .26275 | .96486 |] .27055 | -96013 | 46 
-98404 |] -19509 | .98079 |} 21218 | .97723 | 45 I5 | 22920 | .97338 || .24615 | .96023 || -26303 } .96479 || .27083 | -o6005 | 45 
-98399 |} -19538 | .98073 || .21246 | .07717 | 44 16 | .22948 | .97331 |] .24644 | .96016 || .26331 | .96471 || .2801r | .95007 | 44 
98304 || -19566 | .98067 || .21275 | .o7711 | 43 17 | .22077 | .97325 || .24572 | .96909 |} .26350 | .96463 || .28030 | .95080 | 43 
-98389 |} -t0505 | .9806r |} .21303 | .07705 | 42 18 | .23005 | .97318 || .24700 | .96902 || .26387 | .96456 || .28067 | .oso8x | 42 
-98383 || 10623 | .98056 |} .21331 | .97608 | 4r 19 | .23033 | .07311 || .24728 | .96804 || .26415 | .96448 || .28005 95072 | 41 
-98378 || .19652 | .98050 |} .21360 | .97692 | 4o 20 | .23062 | .97304 || .24756 | .96887 || .26443 | .96440 || .28123 | .95964 | 40 
-98373 || -19680 | .98044 || .21388 | .97686 | 30 1230 97208 || .2478 96880 |} .26471 | .96433 || .28150 | .959056 | 39 
.083 -19709 | .98039 |] .21417 | .97680 | 38 an oon8 pies hes ac 3 || -26500 | .96425 || .28r78 | .95948 | 38 
-98362 || -19737 | -98033 || .21445 | .07673 | 37 23 | -23146 | .97284 || .24841 | .96866 || .26528 | .96417 || .28206 | .95040 | 37 
-98357 || -19706 | .98027 || .21474 | .97067 | 36 24 | .23175 | .97278 || .24869 | .96858 || .26556 | .o6410 || .28234 | .95031 | 36 
98352 || -19794 | -98021 || .21502 | .97661 | 35 25 | .23203 | .97271 || -24807 | .o685x || .26584 | .96402 || .28262 | .o502 35 
-98347 || 10823 | .98016 || .21530 | .97655 | 34 26 | .23231 | .97264 || .24925 | .96844 || .26612 | .96304 || .28200 | .osors | 34 
-98341 |] .1985r 980TO |} .21559 | .07648 | 33 27 | .23260 | .97257 || .24054 | .96837 || .26640 | .96386 || .28318 | .os5007 | 33 
-98336 || -19880 | .98004 |} .21587 | .97642 | 32 28 | .23288 | .o7251 || .24982 | .96829 || .26668 | .96379 || -28346 | .95808 | 32 
-98331 || -19908 | .97087 || .21616 | .97636 | 3x 29 | .23316 | .97244 || .25010 | .96822 || .26696 | .96371 || .28374 | .05800 | 3x 
-98325 || -10037 | -97902 || .21644 | .97630 | 30 30 | -23345 | .97237 || .25038 | .96815 || .26724 | .96363 || .28402 | .95882 | 30 
-98320 || .19065 | .97087 || .21672 | .97623 | 20 Al 97230 || .25066 | .96807 || .26752 | .96355 || .28420 | .05874 | 20 
-98315 |} -19004 | .97081 || .21701 | .97617 | 28 2 pee eae eet .96800 || .26780 | .96347 || .28457 | .95865 | 28 
-98310 |} .20022 | .97975 || .21729 | .97611 | 27 33 | -23420 | .o7217 |] .25122 | .96703 || .26808 | .96340 |} .28485 | .95857 | 27 
-98304 || -20031 | .97969 |} .21758 | .97604 | 26 34 | .23458 | .o7210 || .25151 | .96786 || .26836 | .06332 || .28513 | 95849 | 26 
-98299 || .20079 | .97963 || .21786 | .o7508 | 25 35 | .23486 | .07203 || -25170 | .06778 || .26864 | .96324 || .2854r | .o584r | 25 
-98204 || .20108 | .970958 || .21814 | .o7502 | 24 36 | .23514 | .97106 || .25207 | .06771 || .26802 | .96316 || .28560 | .95832 | 24 
98288 |} .20136 | .97952 || .21843 | .97585 | 23 37 | .23542 | .97180 || .25235 | .06764 || .26920 | .06308 || .28507 | .05824 | 23 
-98283 || .20165 97946 || .21871 | .97579 | 22 38 | .23571 | .97182 |] .25263 | .96756 || .26048 | .96301 || .28625 | .95816 | 22 
-98277 || -20193 | -97940 || .21809 | .97573 | 21 39 | -23500 | .07176 || .25201 | .96749 || -26976 | .96203 || .28652 | .95807 | 21 
98272 || .20222 | .97034 || 21928 | .97566 | 20 40 | .23627 | .97169 || .25320 | .06742 || .27004 | .96285 || .28680 | .95709 | 20 
-98267 || .20250 | .97928 || .21956 | .97560 | 19 1 | .23656 | .97162 || .25348 | .067 27032 | .96277 || .28708 | .95791 | to 
-98261 || .20279 | .970922 |} .27985 | .97553 | 18 43 eeehd Ae 55 oe is 27060 | .96269 || .28736 | .95782 | 18 
98256 || .20307 | .97916 || .22013 | .97547 | 17 43 | .23712 | .97148 || .25404 | .06710 || .27088 | .9626r || .28764 | .05774 | 17 
.98250 || .20336 | .97910 || .22041 | .07541 | 16 44 | .23740 | .o714r |} .25432 | .96712 || .27116 | .06253 || .28702 | .05766 | 16 
-98245 |} .20364 | .97905 || .22070 | .97534 | 15 45 | -23700 | .07134 |] .25460 | .96705 || .27144 | .96246 || .28820 | .05757 | 15 
-98240 || .20393 | -97809 || .22008 | .97528 | 14 46 | .23707 | .07127 || .25488 | .06607 || .27172 | .06238 || .28847 | .05749 | 14 
-98234 || .20421 97893 || -22126 | .97521 | 13 47 | .23825 | .97120 || .25516 | .96G90 || .27200 | .96230 || .28875 | .05740 | 13 
.98229 || .20450 97887 || .22155 | .o7s15 | 12 48 | .23853 | .o7113 || .25545 | .96682 || .27228 | .96222 || .28003 | .05732 | 12 
98223 || .20478 97881 |] .22183 | .97508 | 11 49 | .23882 | .97106 || .25573 | .06675 || .27256 | .o6214 |] .28031 | .0572 Ir 
98218 |} .20507 | -97875 || .22212 | .97502 | 10 50 | .23910 | .97100 || .25601 | .96667 || .27284 | .96206 || .28059 | -95715 | 10 
-98212 |] .20535 | .97869 || .22240 | .97406 9 t | .23028 | .o70 2562 .96660 |} .27312 | .96108 || .28087 | .05707 9 
-98207 || .20563 | .97863 || .22268 | .97489 | 8 a ance ree ated .96653 |} .27340 | .06190 || .29015 | .956 8 
-98201 || .20592 | .97857 || .22207 | .97483 7 53 | .23005 | .97070 || .25685 | .96645 || .27308 | .96182 || .29042 | .95690 7 
-98196 || .20620 | .97851 || .22325 | .07476 | 6 54 | .24023 | .97072 || .25713 | .06638 || .27306 | .06174 |} .20070 | .o5081 | 6 
-98190 |} .20649 | .97845 || .22353 | .07470 | 5§ 55 | .24051 | .97065 || .25741 | .06630 || .27424 | .06166 || .20008 | .95673 | 5 
.08185 || .20677 | .97830 || 22382 | .07463 | 4 56 | .24079 | .07058 || .25760 | .06623 || .27452 | .o6158 || .20126 | .95664 | 4 
98179 |} .20706 | .97833 || 22410 | .07457 | 3 57 | .24108 | .o7051 || .25708 | .06615 || .27480 | .o6150 || .20154 | .05056 | 3 
98174 || .20734 97827 || .22438 | .97450 2 58 | .24136 | .97044 || .25826 | .96608 || .27508 | .o6142 || .20182 95647 2 
98168 || .20763 | .97821 || 22467 | .07444 I 59 | .24164 | .97037 || .25854 | .96600 |] .27536 | .06134 || .29200 | .05630 | I 
98163 || .20791 | .97815 || .22405 | 07437 | 9 60 | .24192 | .97030 || .25882 | .96503 || .27564 | 96120 || .20237 | .95630 | © 
SINE | CosinE! SINE : Cosine! Sine | ’ ’ | Cosine Cosine! Sine || Cosine! Sine || Cosine! Sine | % 
8° 7 be ° 75° ee : 
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514 
TABLE 5.—NATURAL TRIGONOMETRIC Funcrions—(Continued) 
z = o 
17 18° 19° 20° 21 22° 
¢ | Swe | Cosrne|| Sine | Cosrne|] Stine | Costne|] SINE Cosine | ’” , Sme | Cosine | Soe 
630 || .30902 | .95106 || .32557 | -94552 || -34202 | .93960 | 60 o | .35837 | -93358 || -37461 
= Eas ca ols oseei -32584 | .04542 || -34229 | 03959 | 59 z | .35864 | -03348 |] -37488 
2 | .29293 | .95613 |] .30057 | .os088 || .32612 | .04533 || -34257 | 93049 | 58 2 | .35891 | -93337 || -37515 
3 | .29321 | .95605 || .30085 | .95079 |] -32639 | -94523 || -34284 | 03039 | 57 3 | 35918 | -93327 || -37542 
4 | .29348 | .95506 || .31012 | .95070 |] .32667 | .94514 || 34311 | -93929 | 56 4 | -35045 | -93316 || -37569 
5 | .29376 | .95588 || .31040 | .95061 +32004 | .04504 |} -34330 | -939190 | 55 5 | -35973 -93306 || -37595 
6 | .20404 | .05579 || .31068 | .95052 || .32722 | .94405 || -34306 | .93000 | 54 6 | .36000 | .93295 || -37622 
7 | .20432 | .95571 || -31005 | .95043 || -32749 | -94485 || -34303 | 03800 | 53 7 | 36027 | .93285 || -37649 
8 | .20460 | .95562 |] .31123 | .95033 || -32777 | -94476 || -34421 | .93880 | 52 8 | .36054 | -93274 || -37676 
9 | .20487 | .95554 || .3115z | .95024 |] 32804 | .94466 || -34448 | .03870 | 51 9 | -36081 | .93264 || -37703 
to | .20515 | .05545 || 31178 | -o5015 || -32832 | -94457 || -34475 | -93869 | 50 Io | .36108 | -93253 || -37730 
zz | .29543 | .95536 || .31206 | .95006 || .32850 | .04447 || -34503 | -03850 | 49 It | .36135 | -93243 || -37757 
12 | .29571 | .95528 || .31233 | .94907 || -32887 | .04438 || -34530 | -93849 | 48 12 | .36162 | .93232 || -37784 
13 | -29500 | -95510 || 31261 | .94088 || .32014 | .04428 || -34557 | -03830 | 47 13 | -36190 | -93222 || .37811 
14 | .29626 | .ossrrz || .31289 | .04970 || .32042 | .04418 || -34584 | .93820 | 46 14 | .36217 | -93211 || .37838 
15 | .20654 | .95502 || .31316 | .94070 || -32000 | -04409 || -34612 | .93819 | 45 xs | .36244 | 93201 || -37865 
16 } .29682 | .95493 || .31344 | -9406r || -32007 | .94309 || -346390 | -93800 | 44 16 | .36271 | -93190 || .37802 
17 | .29710 | .95485 || .31372 | -94952 || -33024 | .04390 || -34666 | .93700 | 43 17 | -36298 | .93180 |} .37919 
18 | .20737 | -05476 || .31300 | -94043 || -33051 | .04380 || -34604 | .93780 | 42 18 | .36325 | -031690 || -37046 
I9 | -20765 | -95467 || -31427 | .04933 || -33079 | -94370 || -3472I | -03779 | 41 Ig | -36352 | -931590 || -37973 
20 | .20793 | -95459 || -31454 | -04024 || .33106 | .0436r || -34748 | 93769 | 40 20 | .36370 | -93148 || -37000 
ar | .2982t | .95450 || .31482 | .o4ors || .33134 | -94351 || -34775 | 93750 | 30 at | .36406 | .93137 || -38026 
22 | 20849 | .95441 || 31510 | .94906 |} .33161 | .04342 |] -34803 | .03748 | 38 22 | .36434 | 03127 || -38053 
23 | -20876 | .95433 || -31537 | -94807 || -33180 | .04332 || -34830 | -93738 | 37 23 | .36461 | .93116 || .38080 
24 | -29904 | .95424 || .31565 | .94888 || .33216 | .94322 || -34857 | 93728 | 36 24 | .36488 | .93106 || .38107 
25 | .20032 | .05415 || -31503 | 04878 || .33244 | .04313 || -34884 | .03718 | 35 25 | .36515 | -030905 || -38134 
26 | .29960 | .95407 || .31620 | .94869 |] .33271 | .94303 |] -34012 | -93708 | 34 26 | .36542 | .93084 || .38161 
27 | -29987 | -95308 || .31648 | .94860 || .33208 | .94293 || -34939 | -93608 | 33 27 | .36569 | .03074 || -38188 
28 | .30015 | .95389 || -31675 | .04851 || .33326 | .04284 || -34966 | .03688 | 32 28 | .36506 | .93063 || .38215 
29 | -30043 | -05380 || .31703 | -04842 || .33353 | -94274 || -34003 | .93677 | 31 29 | .36623 .38241 
30 | -g0071 | .95372 || -31730 | -94832 |] -33381 | .94264 || .35021 | .93667 | go 30 | .36650 .38268 
3t | -30098 | .95363 || .31758 | .94823 || .33408 | .04254 || .35048 | .93657 | 20 31 | -36677 .38205 
32 | «30126 | .95354 || .31786 | .04814 || -33436 | .04245 || -35075 | -93647 | 28 32 | .36704 38322 
33 } -30154 | -05345 || -31813 | -04805 |] -33463 | .04235 || -35102 | .03637 | 27 33 | -36732 -38349 
34 | -30182 | .95337 || -31841 | .94705 || -33490 | .04225 || -35130 | .93626 | 26 34 | .36758 .38376 
35 | «30209 | .95328 || .31868 |. .04786 || .33518 | .o42T5 || -35157 | 93616 | 25 35 | -36785 -38403 
39 | .30237 | -95319 || -31806 | .04777 || -33545 | -94206 || .35184 | .93606 | 24 30 | .36812 -38430 
37 | -30265 | -05310 || .31923 | -04768 || .33573 | -04106 || .35211 | .03506 | 23 37 | .36830 38456 
38 | -30202 | .95301 || -31951 | -04758 || -33600 | .04186 || .35230 | .03585 | 22 38 | .36867 -38483 
39 | -30320 | .95293 || -31079 | .04749 || -33627 | .04176 || .35206 | .03575 | 21 30 | -36804 .38510 
49 | .30348 | .95284 || .32006 | .94740 |} .33055 | -04167 || .35203 | .03565 | 20 40 | .36921 -38537 
41 | .30376 | .95275 || .32034 | .04730 |] .33682 | .94157 || -35220 | .03555 | 10 4t | .36048 38564 
42 | .30403 | .95266 || .32061 | .94721 || .33710 | .04147 || -35347 | -03544 | 18 42 | .36075 .3850I 
43 | -30431 | .95257 || .32089 | .04712 || -33737 | -94137 || -35375 | 03534 | 17 43 | .37002 .38617 
44 | -30450 | .05248 || .32116 | .94702 |} .33764 | .04127 || .35402 | .03524 | 16 44 | .37020 38644 
45 | -30486 | .95240 || .32144 | .04693 || .33792 | .04118 || .35420 | .03514 | 15 45 | .37056 38671 
46 | .30514 | .9523r || 32171 | .04684 || .33819 | .94108 || .35456 | .03503 | 14 46 | .37083 .38608 
47 | .30542 | .95222 || .32190 | .04674 || .33846 | .94008 || -35484 | .03403 | 13 47 | .37110 38725 
48 | .30570 | .95213 || .32227 | .94665 || .33874 | .04088 |} .35512 | .03483 | 12 48 | .37137 .38752 
49 | -30597 | -95204 || .32254 | .94656 || .33901 | .94078 |} .35538 | .03472 | 11 49 | .37164 38778 
50 | .30625 | -95105 || .32282 | .04646 || .33020 | .04068 || .35565 | .03462 | 10 50 | .37r0% 38805 
51} .30653 | .95186 || 32300 | .94637 || .33056 | .o4058 || .35502 | .03452 2 51 | .37218 .38832 
52 | .30680 | .95177 || .32337 | .04627 || .33083 | .04040 || .35610 | .03441 52 | .37245 38850 
53 | -30708 | .95168 || .32364 | .94618 || .34011 | .94030 || .35647 | 03431 | 7 53 | .37272 .38886 
54 | -30736 | .95159 || .32302 | .94609 || .34038 | .04020 || .35674 | .03420 | 6 54 | .37200 38012 
55 | -30763 | .95150 || .32419 | .94500 || .34065 | .ogoro || .3570r | .03410 | 5 55 | .37326 .38030 
56 | .30701 | .95142 || .32447 | .04500 || .34003 | .o4000 |] .35728 | .03400 | 4 56 | .37353 .38006 
57 | .30819 | “95133 || 32474 } .04580 || .34120 | .03000 || .35755 | .03380 | 3 57 | .37380 .38003 
58 | 30846 | .95124 |} .32502 | .04571 || .34147 | “93080 || .35782 | .03370 | 2 58 | .37407 .30020 
59 | .30874 | .95115 || .32520 | .0456r || .34175 | .03070 || 35810 | .03368 | x 50 | .37434 -30046 
eee «30902 | .95106 || .32557 | .04552 |] 34202 | .03000 || .35837 | .o3358 | oe 37401 °39073 | .92050 
* | Cosine! Sine | CosInE Cosine! Sine |/Cosmve! Sine | ¢ mi 
79° 71 70° 5 Cosine! Stne || Cosine! Sine 
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42288 
42315 
42341 
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-42420 
42446 
42473 
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-42683 
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-43306 
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27° 


48481 


COsINE 
60° | 


-48506 
-48532 
48557 
-48583 
-48608 
-48634 
-48659 
-48684 
-48710 
48735 
48761 
-48786 
48811 
-48837 
-48862 
-48888 
-48913 
-48938 
-48064 
-48989 
-49014 
-49040 
-49005 
-49090 
-40116 
-4Q14I 
-49166 
-49192 
-49217 
-49242 
-49268 
+492903 
+49318 
49344 
-49369 
-49304 
-49419 
-49445 
-49470 
-49405 


49521 
-49546 
-49571 
49596 
-49022 
-49047 
-49072 
-49607 
-49723 
40748 
49773 
-40708 
-40824 
-40849 
49874 
-49809 
40924 
+4995 
-49975 
«50000 


+50000 
+50025 
+50050 
+50076 
-5OLOL 
+50126 
-5SOISL 
+50176 
+50201 
+50227 
#50252 
+50277 
50302 
+50327 
+50352 
+50377 
+50403 
-50428 
+50453 
-50478 
+50503 
-50528 
+50553 
+50578 
-50603 
-50628 
+50054 
+50070 
+50704 
+50729 
°50754 
+50779 
~50804 
-50829 
+50854 
50879 
+50004, 
+509020 
+50054 
+50979 
«51004 
«51029 
+51054 
51079 
+5IIO04 
«51129 
+51154 
+5179 
+51204 
«51220 
51254 
-51279 
+51304 
+51320 
+51354 
+51379 
+51404 
+51420 
+51454 
+51479 
+51504 
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i TaBLE 5.—NATURAL TRIGONOMETRIC Funcrions—(Continued) 
33° 35° 36° 39° 
’ |) Srve | Cosine Sivz | Cosine|| Srnz | Cosnrz | ’ SrvE | CosINE 
© | .54464 | 83867 .57358 | -810r5 || 58779 | 80902 | 60 T7715 
xr | .54488 | 83851 257381 | -81809 || .58802 | .80885 | 59 77696 
2 | .54513 | 83835 157405 | -81882 || .58826 | .80867 53 -77678 
3 | -54537 | -83819 57429 | .81865 || .58849 | .80850 | 57 -77@60 
4 | -5450r | .83804 57453 | -81848 || 58873 | 80833 | 56 -77041 
5 | .54586 | .83788 $7477 | 81832 || -58896 | .80816 | 55 -77023 
6 | .54610 | .83772 157501 | 81815 || -58020 | .80709 | 54 -77005 
7 | 54635 | 83756 57524 | 81708 || -58043 | 80782 | 53 -77586 
8 | .54659 | 83740 57548 | .81782 || .58967 | .80765 | 52 “775 
9 | 54683 | 83724 57572 | -81765 || -58090 | .80748 | 51 -7755° 
ro | .54708 | .83708 57500 | 81748 || .59014 | 80730 | 50 -77531 
ir | .54732 | 83602 57619 | -81731 || -50037 | 80713 | 49 F 
12 | .54756 | .83676 57643 | -81714 || 59001 | 80696 | 48 || pias 
13 | -54781 | .83660 -57007 | -81608 |] .59084 | 80670 | 47 || “77470 
14 | .54805 | .83045 57691 | .8168r || .59108 | .80662 | 46 -77458 
15 | .54829 | .83620 57715 | -81664 || -59131 | .80644 | 45 || -77439 
16 | .54854 | .83613 -57738 | -81647 || -50154 | 80627 | 44 | 77421 
17 | .54878 | .83507 -57702 | 81631 50178 | 80610 | 43. 77402 
18 | .54902 | .83581 -57786 | 81614 59201 | .80593 | 42 || 7 84 
19 | -54927 | .83565 57810 | 81507 || .50225 | 80576 | 41 | 77360 
20 | .54951 | .83549 °57833 | -81580 |] .50248 | 80558 | 40 | 37347 
2x | .54075 | .83533 +57857 | .81563 || .50272 | .8054r | 30 | 7732 
22 | .54999 | .83517 -57881 | .81546 || .so205 | .80524 | 38 — 
23 | -55024 | .83501 -57904 | -81530 |) .50318 | .80507 | 37 || wee 2 
24 | .55048 | .83485 57928 | .81513 || .50342 | 80480 | 36 || pita 
25 | -55072 | .83460 57952 | -81490 || .59365 | .80472 | 35 77273 
26 | .55007 | -83453 -57976 | -81479 || 59389 | 80455 | 34 | ph 
27 | .55421 | 83437 -57999 | -81462 |] .so412 | .80438 | 33 |) pine 
28 | .55145 | 83421 158023 | 81445 || .50436 | 80420 | 32 || pe 
29 | .55169 | .83405 158047 | .81428 || .50450 | .80403 | 31 || —— 
30 | -55194 | .833890 «58070 | .81412 |] .50482 80386 | 30 — 
31 | .55218 | .83373 158094 | 81305 || .50506 | .80368 | 2 ; 
32 | -55242 | 83356 .58118 | .81378 eis Books 28 Tr 
33 | -55206 | .83340 58141 | -8136r || .59552 | .80334 | 27 pice 
34 | -55201 | .83324 58165 | 81344 || 50576 | .80316 | 26 || aed 
35 | -55315 | -83308 .58189 | .81327 || .50509 | 80209 | 25 || 77 
36 | -55339 | -83202 .58212 | .81310 || .59622 | 80282 | 24 |) phan 4 
37 | -55363 | .83276 |} .56808 | .82207 || .58236 | .81203 || .50046 | 80264 | 23 hay: 
38 | .55388 | .83260 || .56832 | .82281 || .58260 | .81276 || .59669 | .80247 | 22 | 77033 
30 | 55412 | 83244 || .56856 | 82264 || .58283 | .81250 || -5o603 | .80230 | or || yt sitar 
40 Gane 83228 || .56880 | .82248 || .58307 | 81242 || .590716 | .80212 | 20 | po 
AI | .55460 | .83212 || .56904 | .82231 || .58330 | -81225 801 I Tan 
42 | .55484 | .83195 |] .56928 | .82214 || .58354 | .81208 he ‘Sorz8 8 “76959 
43 | -55509 | .83179 || .56952 | .82198 || .58378 | 81101 59786 | 80160 | 17 a 
44 | -55533 | .83163 || .56976 | .8218r || .584or | 81174 |} -50809 | .80143 | 16 -76921 
45 -55557 | -83147 || .57000 | .82165 |] .58425 | .81157 || .50832 | 80125 | 15 -76903 
4 55581 | .83131 |} .57024 | .82148 |] .58449 | .81140 50856 | 80108 | 14 = 
a -55605 | .83115 || .57047 | .82132 || .58472 | .81123 50879 | 80091 | 13 — 
4 pee 83008 |] .57071 | 82115 || .58496 | .81106 59902 | .80073 | 12 pen 
49 “55054 83082 || .57005 | .82008 |] -58519 | .81089 || .50026 | .80056 | rr on 
: +5507 pee -57119 | .82082 || .58543 | .81072 || .50049 | .80038 | 10 -76810 
I | .55702 | .83050 || .57143 | .82065 || .58567 | 81055 || . 2 -7079% 
52 | .55726 | .83054 || .57167 | .82048 || .58590 | .81038 gate — 8 -76772 
53 | -55750 | .83017 || .57191 | -82032 || .58614 | .81021 || 60019 | .79986 7 -76754 
54 | -55775 | .83001 || .57215 | 82015 || .58637 | .8r004 || .60042 | .79068 | 6 70735 
a -55790 | .82085 || .57238 | .81000 || .58661 | .80087 || .60065 70051 5 || 54 | .6r429 76717 
5 “55823 82969 || .57262 | .81082 |] .58684 | .80070 || .60080 70034 4 | 55 | -6r4sz 76608 
ae Ree 82953 || .57286 | .81065 || .58708 | .80053 || .orr2 700.6 3 56 | .61474 7667 
4 gate 82036 57310 | .81949 || -58731 | .80936 || .60135 470800 2 57 | 61407 76661 
re re ts 2078 57334 | -81032 || .58755 | -80019 60158 70881 re alt 58 | -Grsao 76642 
60 | -55910 | . cial 57358 | -81015 || 58779 | .80902 || .60182 | .yo864 | o | 32 eusas 76623 
* | Costve!| Stine || Cosmne| S Cc —|— a 
OSINE D U | 
ee! 56° 55° : 54° SINE. || Cosine oo ’ | Cosine S 
4 . 52° INE | 
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TABLE 5.—NATURAL TRIGONOMETRIC FunctTions—(Continucd) 


pte) 


41° 42° 43° 44° 
SmvE | Cosrne|} Srve | Cosine|| Srve | Cosine|| Sine | Cosine 
-65606 | .75471 || 66913 | .74314 || .68200 | .73135 || .60466 71934 
65628 | .75452 || 66035 | -74205 || .08221 | .73116 |} .60487 | .71014 
-65650 | 75433 || -6605 74276 || 68242 | .73006 |} .69508 | .71804 
65672 | .75414 || 66078 | .74256 68264 | -73076 || .69520 | .71873 
65694 | -75395 || -66000 | -74227 || .08235 | .73056 || .69540 | .71853 
-65716 | .75375 || 67022 | .74217 68306 | -73036 |} .60570 | .71833 
65738 | .75350 || 67043 | -74108 || .68327 | .73016 |} .6o501 | .71813 
65759 | -75337 || -67064 | .74178 || .68349 | -72906 || .69612 | .71702 
65781 | .75318 || 67086 | .74150 || 68370 | -72976 |} .60633 | .71772 
65803 | -75200 || .67107 | -74130 |] 68301 | -72057 |] .60654 | .71752 
-65825 | .75280 || .57129 | “74120 || .68412 | .72037 || .69675 | .71732 
-65847 | 275261 || 67151 | .74100 || .68434 | .72017 || .69606 | .7r711 
65869 | .75241 || 67172 | -74080 || .68455 | .72807 |] .60717 | -71601 
-65891 | .75222 || .67104 | .7406r || .68476 | .72377 || .60737 | .71671 
-65013 | .75203 |} .6721§ | .74041 68407 | -72857 || .60758 | .71650 
65035 | -75184 || .67237 | -74022 || .68518 | .72837 || .69779 | .71630 
-65956 | .75165 || .67258 | .74002 68539 | -72817 || 69800 | .71610 
65978 | .75146 || .67280 | .73983 68561 | .72707 || .69821 | .71590 
-06000 | .75126 || .67301 | .73063 68582 | -72777 || 60842 | .71560 
-66022 | .75107 || .67323 | .73044 68603 | -72757 || .60862 | .71540 
66044 -75088 || .67344 | -73924 || .68624 | .72737 || -69883 | .71520 
-66066 | .75060 || .67366 | .73004 |] .68645 | .72717 || .69904 | .71508 
-66088 | .75050 || .67387 | .73885 68666 | .72607 69025 | .71488 
-66109 | .75030 || .67409 | -73865 68688 | .72677 609046 | .71468 
66131r | .75011 || .67430 | .73846 68709 | .72657 69066 | .71447 
-66153 | -74902 || .67452 | .73826 68730 | .72637 69087 | .71427 
66175 | -74973 || -67473 | -73806 68751 | .72617 7000 “71407 
66197 | -74953 || 67495 | -73787 || .68772 | -72507 || -70029 | .71386 
66218 | .74934 || 67516 | -73767 || .68703 | -72577 || -70049 | .71366 
66240 | .74915 || 67538 | -73747 || .68814 | -72557 |] -70070 | .71345 
-66262 | .74806 || 67559 | -73728 68835 | 72537 JOOOI | .71325 
66284 | .74876 || .67580 | .73708 || .68857 | .72517 |} .7or12 | .71305 
-66306 | .74857 || 67602 | .73688 || .68878 | .72407 || -70132 | .71284 
66327 | .74838 || .67623 | .73669 || 68809 | .72477 70153 | .71264 
66349 | .74818 || .67645 | -73649 || .68920 | .72457 |} -70174 | .71243 
-66371 | .74709 || -67666 | .73620 || .68941 | -72437 7OIQ5 | .71223 
66303 | .74780 || 67688 | .73610 || .68062 | .72417 70215 | .71203 
-66414 | .74760 || .67709 | -73590 || .68983 | -72307 70236 | .71182 
66436 | .74741 || -67730 | -73570 || .69004 | -72377 || -70257 | -71162 
66458 | .74722 || 67752 | -73551 || 69025 | -72357 |} -70277 | -7I14r 
66480 | .74703 || 67773 | -73531 || -69046 | .72337 }| -70208 | .71121 
66501 | .74683 || 67705 | -7351I || 69067 | .72317 70319 | .7II00 
66523 | .74664 |] .67816 | .73401 || 69088 | .72207 70339 | .71080 
66545 | .74644 || 67837 | -73472 || 69109 | -72277 || -70360 | .71050 | 
66566 | .74625 || .67850 | -73452 || 60130 | -72257 || -70381 | -71030 
66588 | .74606 || .67880 | .73432 || -6o151 | -72236 || .7o40I | -71019 
66610 | .74586 || .67901 | -73413 || -69172 | .72216 70422 | .70908 
66632 | -74567 || 67923 | -73303 || 69103 | -72106 || -70443 | -70078 
66653 | .74548 || 67044 | -73373 || 69214 | -72176 || .70463 | -70057 
66675 | .74528 || 67065 | -73353 || 69235 | -72156 || -70484 | .70037 
66697 | .74509 || 67987 | -73333 || .69256 | -72136 |] -70505 | -70016 
66718 | .74489 || .68008 | .73314 60277 | .72116 70525 | .70806 
66740 | .74470 || 68029 | .73294 || .69208 | -72005 || -70546 | .70875 
66762 | .74451 || 68051 | .73274 69319 | -72075 470567 | «70855 
.66783 | .74431 || .68072 | .73254 69340 | -72055 40587 | .70834 
66805 | .74412 || .68003 | -73234 69361 | -72035 470608 | .70813 
66827 | .74302 || 68115 | .73215 69382 | .72015 70628 | .70703 
66848 | .74373 || 68136 | .73195 || 69403 | -71095 || -70649 | «70772 
66870 | .74353 || 68157 | -73175 || 60424 | -71074 || -70670 | -70752 
66891 | .74334 || 68179 | .73155 || 60445 | -71954 || -70690 | -70731 
66013 | -74314 || .68200 | .73135 69406 | .71034 yo7II | .7O71T 
Costne| Stine || Cosrne| Srve || Cosine! Sine _ || Cosine oo 
48° 47° 45 


, 


Ve ence = a 


. 


Coronas Ho | - 


Io 


0° 1° 
SEc. Co-src.|| Src. { Co-sEc. 
I Infinite. |} 1.0vor | 57.2090 
z 3437-70 T.0001 | 56.350 
I 1718.90 1.0002 | 55.450 
I 1145-90 1.0002 | 54.570 
I 850.44 1.0002 | 53.718 
z 687.55 1.0002 | 52.891 
I 572-90 1.0002 | 52.099 
z 4Q1-11 1.0002 | 51.313 
I 420.72 1.0002 | 50.558 
z 381.07 1.0002 | 49.826 
I 343-77 1.0002 | 49.114 
I 312.52 1.0002 | 48.422 
I 286.48 1.0002 | 47.750 
I 264.44 1.0002 | 47.090 
I 245-55 1.0002 | 46.460 
I 229.18 1.0002 | 45.840 
I 214.86 T.0002 | 45.237 
I 202.22 1.0002 | 44.650 
I 190.99 I.0002 | 44.077 
I 180.73 1.0003 | 43-520 
£ 171.89 1.0003 | 42.976 
I 163-70 1.0003 | 42.445 
z 156.26 1.0003 | 41.928 
I 140-47 I.0003 | 41.423 
I 143.24 1.0003 | 40.930 
I 137.51 1.0003 | 49.448 
I 132.22 1.0003 | 39.978 
I 127.32 1.0003 | 39.518 
I 122.78 1.0003 | 39.069 
I 118.54 1.0003 | 33.631 
E 114.590 1.0003 | 38.201 
L I10.90 I.0003 | 37-782 
ae 107.43 1.0003 | 37-371 
I 104.17 1.0004 | 36.969 
I IOI.II 1.0004 | 36.576 
I 95-223 || 1.0004 | 36.191 
i 95-405 }| 1.0004 | 35.814 
I 92.914 || 1.0004 | 35-445 
1.0001 92.469 || 1.0004 | 35.084 
I.000L 88.140 || I.0004 | 34-720 
1.0001 85.946 || 1.0004 | 34.382 
1.0001 83.849 || 1.0004 | 34.042 
1.0001 81.853 |] 1.0004 | 33-708 
1.0001 79.950 || 1.0004 | 33-381 
I.000I 78.133 || 1.0004 | 33.060 
1.0001 76.390 || 1.0005 | 32.745 
1.0001 74.736 || 1.0005 | 32-437 
I.000L 73.146 |} 1.0005 | 32.134 
1.0001 471.622 || 1.0005 | 31.836 
1.0001 71.160 |} 1.0005 | 31.544 
1.0001 68.757 || 1.0005 | 31.257 
I.0001 67.409 || I.0005 | 30.976 
I.000I 66.113 |} 1.0005 | 30.600 
1.0001 64.866 |] 1.0005 | 30.428 
I.000I 63.664 || I.0005 | 30.161 
I.000L 62.507 || 1.0005 | 29.800 
I.0001 61.391 |} 1.0006 | 20.641 
1.0001 61.314 || 1.0006 | 20.388 
I.000T 50.274 || 1-0006 | 20.130 
T.0001 58.270 || 1.0006 | 28.804 
1.0001 57.299 || 1.0006 | 28.654 
Co-sEc. Src. || Co-src-| Src. 
o 88° 
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TABLE 5.—NATURAL TRIGONOMETRIC F uNcTIONS—(Continued) 


4 Ise ‘Ge 7 
Co-sEc. | Co-sEc.| ” 
11.474 8.2055 | 60 
11.436 8.1861 | 50 
11.398 8.1668 | 58 
11.360 8.1476 | 57 
II.323 8.1285 | 56 
11.286 8.1004 | 55 
11-249 8.0905 | 54 
I1.213 8.0717 | 53 
11.176 8.0529 | 52 
II.140 8.0342 | 51 
T1-104 8.0156 | 50 
11.069 7.9971 | 49 
E38 79787 | 48 
10.988 7.9604 | 47 
10.963 7.9421 | 46 
10.929 7.9240 | 45 
eee 7.9950 | 44 
10.860 7.8879 | 43 
10.826 4.8700 | 42 
10.792 7.8522 4l 
10.758 7.8344 | 4o 
10.725 7.8168 | 39 
10.692 7.7092 | 38 
10.659 7.7817 | 37 
To.620 7-7642 | 36 
Boi398 7-7409 | 35 
10.561 7.7296 | 34 
10.529 7.7124 | 33 
10.407 7-6053 | 32 
ee 7-6783 | 3r 
10-433 7-6613 | 30 
10.402 Pbate | a0 
BRR 47.6276 | 28 
10:349 7.6108 | 27 
10.3090 47-5042 26 
10.278 7.5776 | 25 
10.248 7.5611 | 24 
10.217 715446 | 23 
10.187 Peetin, || oe 
eegnwl 7-51I9 | 23 
eee 7-4957 | 20 
10.01 
7-4795 | 19 
10.068 7.4634 | 18 
eageee 7.4474 | 17 
tis 7.4315 | 16 
os 7-4156 | 15 
99525 7-3008 | 14 
P Boer 7-3840 | 13 
9 8055 al 
e672 7-3527 | 1% 
i 7-3372 | 10 
9.8112 77-3217 
9.7834 rach 8 
9.7558 7.2000 7 
Bias 7.2757 | 6 
9-7010 tubes | es 
ee 7.2453 | 4 
pie magoa hos 
9.6200 eres : 
9-5933 47.2002 5 
tee 7.1853 | 0 
Sue, Spe, |) * 


60 er OM DW HO | ~ 


i 


Src. | Co-sEc. 


1.0223 
1.0224 
1.0225 
1.0225 
1.0226 
1.0226 
1.0227 
1.0228 
1.0228 
1.0229 
1.0230 


1.0230 
1.0231 
1.0232 
1.0232 
1.0233 
1.0234 
1.0234 
1.0235 
1.0235 
1.0236 


1.0237 
1.0237 
1.0238 
1.0239 
1.0239 
1.0240 
I.0241 
1.0241 
1.0242 
1.0243 


1.0243 
1.0244 
1.0245 
1.0245 
1.0246 
1.0247 
1.0247 
1.0248 
1.0249 
1.0249 


1.0250 
1.0251 
1.0251 
1.0252 
1.0253 
1.0253 
1.0254 
1.0255 
1.0255 
1.0256 


1.0257 
1.0257 
1.0258 
1.0250 
1.0260 
1.0260 
1.0261 
1.0262 
1.0262 
1.0263 


Co-sEc. 
7 fo] 
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13° 14° 152 
Sec. |Co-src.|| Src. |Co-src.|} Src. |Co-sxc. |} ’ | SEc 

1.0263 | 4.4454 || 1.0306 | 4.1336 || 1.0353 | 3.8637 | 60 o | 1.0403 
1.0264 | 4.4308 || 1.0307 | 4.1287 || 1.0353 | 3-8505 | 590 r | 1.0404 
1.0264 | 4.4342 || 1.0308 | 4.1239 || 1.0354 | 3.8553 | 58 2 | 1.0405 
1.0265 | 4.4287 || 1.0308 | 4.1101 || 1.0355 | 3.8512 | 57 3 | 1.0406 
1.0266 | 4.4231 || 1.0300 | 4.1144 || 1.0356 | 3.8470 | 56 4 | 1.0406 
1.0266 | 4.4176 || 1.0310 | 4.1006 || 1.0357 | 3.8428 | 55 5 | 1.0407 
1.0267 | 4.4121 || 1.0311 | 4.1048 || 1.0358 | 3.8387 | 54 6 | 1.0408 
1.0268 | 4.4065 || 1.0314 | 4.1002 || 1.0358 | 3.8346 | 53 7 | 1.0400 
1.0268 | 4.4011 || 1.0312 | 4.0053 || 1.0359 | 3.8304 | 52 8 | 1.0410 
1.0269 | 4.3056 |] 1.0313 | 4.0006 |] 1.0360 | 3.8263 | 51 9 | 1.0411 
I.0270 | 4.3910 || 1.0314 | 4.0859 || 1.0361 | 3.8222 | 50 to | 1.0412 
1.0271 | 4.3847 || 1.0314 | 4.0812 || 1.0362 | 3.818r | 40 ir | 1.0413 
1.0271 | 4.3702 || 1.0315 | 4.0765 || 1.0362 | 3.8140 | 48 12 | 1.0413 
1.0272 | 4.3738 || 1.0316 | 4.0718 || 1.0363 | 3.8100 | 47 13 | 1.0414 
1.0273 | 4.3084 || 1.0317 | 4.0672 || 1.0364 | 3.8059 | 46 14 | 1.0415 
1.0273 | 4.3630 || 1.0317 | 4.0625 || 1.0365 | 3.8018 | 45 Is | 1.0416 
1.0274 | 4.3576 || 1.0318 | 4.0579 || 1.0366 | 3.7978 | 44 16 | 1.0417 
1.0275 | 4.3522 || 1.0319 | 4.0532 || 1.0367 | 3.7037 | 43 17 | 1.0418 
1.0276. | 4.3469 || 1.0320 | 4.0486 || 1.0367 | 3.7807 | 42 18 | 1.0419 
1.0276 | 4.3415 || 1.0320 | 4.0440 || 1.0368 | 3.7857 | 41 19 | 1.0420 
1.0277 | 4.3362 || 1.0321 | 4.0304 || 1.0369 | 3.7816 | 4o 20 | 1.0420 
1.0278 | 4.3309 || 1.0322 | 4.0348 || 1.0370 | 3.7776 | 30 at | 1.0421 
1.0278 | 4.3256 || 1.0323 | 4.0302 || 1.0371 | 3.7736 | 38 22 | 1.0422 
1.0279 | 4.3203 || 1.0323 | 4.0256 || 1.0371 | 3.7607 | 37 23 | 1.0423 
1.0280 | 4.3150 || 1.0324 |{ 4.0211 || 1.0372 | 3.7657 | 36 24 | 1.0424 
1.0280 | 4.3008 |] 1.0325 | 4.0165 || 1.0373 | 3-7617 | 35 25 | 1.0425 
1.0281 | 4.3045 || 1.0326 | 4.0120 || 1.0374 | 3.7577 | 34 26 | 1.0426 
1.0282 | 4.2003 || 1-0327 | 4.0074 || 1.0375 | 3-7538 | 33 27 | 1.0427 
1.0283 | 4.2041 || 1.0327 | 4.0029 || 1.0376 | 3.7498 | 32 28 | 1.0428 
1.0283 | 4.2858 || 1.0328 | 3.9084 || 1.0376 | 3.7450 | 31 29 | 1.0428 
1.0284 | 4.2836 || 1.0329 | 3.90390 || 1.0377 | 3-7420 | 30 go | 1.0429 
1.0285 | 4.2785 || 1.0330 | 3.9804 || 1.0378 | 3.7380 | 20 31 | 1.0430 
1.0285 | 4.2733 || 1-0330 | 3.9850 || 1.0379 | 3.7341 | 28 32 | 1.0431 
1.0286 | 4.2681 |} 1.0331 | 3.9805 || 1.0380 | 3.7302 | 27 33 | 1.0432 
1.0287 | 4.2630 |] 1.0332 | 3-9760 || 1.0381 | 3.7263 | 26 34 | 1.0433 
1.0288 | 4.2579 || 1-0333 | 3-9716 |] 1.0382 | 3.7224 | 25 35 | 1.0434 
1.0288 | 4.2527 || 1.0334 | 3.9672 || 1.0382 | 3.7186 | 24 36 | 1.0435 
1.0289 | 4.2476 || 1.0334 | 3-9627 || 1.0383 | 3.7147 | 23 37 | 1.0436 
1.0290 | 4.2425 || 1.0335 | 3-9583 |] 1.0384 | 3.7108 | 22 38 | 1.0437 
I.0291 | 4.2375 || 1.0336 | 3.9539 || 1.0385 | 3.7070 | 2 39 | 1.0438 
I.029I | 4.2324 || 1.0337 | 3-9495 || 1.0386 | 3.7031 | 20 4o | 1.0438 
1.0202 | 4.2273 || 1.0338 | 3.0451 || 1.0387 | 3.6903 | 19 41 | 1.0430 
1.0293 | 4.2223 || 1.0338 | 3.9408 || 1.0387 | 3.6055 | 18 42 | 1.0440 
1.0293 | 4.2173 || 1.0339 | 3.9364 || 1.0388 | 3.6917 | 17 43 | 1.0441 
1.0204 | 4.2122 || 1.0340 | 3.9320 || 1.0389 | 3.6878 | 16 44 | 1.0442 
1.0295 | 4.2072 || 1.0341 | 3.9277 || 1.0390 | 3.6840 | 15 45 | 1.0443 
1.0296 | 4.2022 || 1.0341 | 3.9234 || 1.0391 | 3.6802 | 14 46 | 1.0444 
1.0296 | 4.1972 || 1.0342 | 3-9199 |} 1.0392 | 3.6765 | 13 47 | 1.0445 
1.0207 |. 4.1923 |} 1-0343 | 3-9147 || 1.0303 | 3.6727 | 12 48 | 1.0446 
1.0298 | 4.1873 || 1.0344 | 3.0104 |] 1.0393 | 3.6689 | 11 49 | 1.0447 
1.0299 | 4.1824 || 1.0345 | 3.9061 |] 1.0394 | 3.6651 | I0 50 | 1.0448 
1.0209 | 4.1774 || 1.0345 | 3.9018 || 1.0305 | 3.6614 | 9 sr | 1.0448 
1.0300 | 4.1725 || 1.0346 | 3.8976 || 1.0306 | 3.6576 8 52 | 1.0440 
I.0301 | 4.1676 || 1.0347 | 3.8933 || 1.0307 | 3-6539 | 7 53 | 1.0450 
1.0302 | 4.1627 || 1.0348 | 3.8990 |] 1.0398 | 3.6502 6 54 | 1.0451 
1.0302 | 4.1578 || 1.0349 | 3.8848 || 1.0300 | 3-6464 5 55 | 1.0452 
4.1529 || 1.0349 | 3.8805 || 1.0300 | 3.6427 | 4 56 | 1.0453 
4.1481 || 1.0350 | 3.8763 || 1.0400 | 3.6390 3 57 | 1.0454 
4.1432 || 1.0351 | 3.8721 || 1.0401 | 3.6353 2 58 | 1.0455 
4.1384 || 1.0352 | 3.8679 || 1.0402 | 3.6316 I 50 | 1.0456 
4.1336 || 1.0353 | 3-8637 || 1.0403 | 3.6279 | 0 1.0457 
.| Sec. ||Co-sec.! Sec. ||Co-sec.! Sec. | ’ * | Co-sEc. 

76° | 15° 74° 


520 


HANDBOOK 


TABLE 5.—NATURAL TRIGONOMETRIC Funcrions—(Continued) 


FOR MACHINE DESIGNERS AND DRAFTSMEN 


20° 21° oa ge | 25° sees Pe og 
¢ | Sec. |Co-szc.|| Sec. | Co-sEc Src. |Co-src.|| Src. | Co-sEc. v | , Src. Sec. | Co-sec.|| Src. - Sec. | Co-sEc.| ” 
o | 1.0642 | 2.9238 |} 1.0711 | 2-7904 1.0785 | 2.6695 || 1.0864 | 2.5593 60 | o | 1.0946 1.1034 | 2.3662 || 1.1126 1.122 60 
3 
x | 3.0643 | 2.9215 || 1.0713 | 2-7883 31.0787 | 2.6675 || 1.0865 | 2.5575 | 59 xr | 1.0948 1.1035 | 2.3047 || 1-1127 1.1225 59 
2 | 1.0644 | 2.9191 || 1.0714 2.7862 || 1.0788 | 2.6656 1.0866 | 2.5558 | 58 2 | 1.0949 1.1037 | 2-3632 || I-1129 1.1226 58 
3 | 1.0045 | 2.9168 || 1.0715 | 2.7841 1.0789 | 2.6637 || 1.0868 | 2.5540 | 57 || 3 | 1.0051 1.1038 | 2.3618 || I-1131 1.1228 57 
4 } 1.0646 | 2.0145 1.0716 | 2-7820 || 1.0790 2.6618 || 1.0869 | 2.5523 | 50 4 | 1.0952 1.1040 | 2.3603 || 1-1132 1.1230 56 
5 | 1.0647 | 2.9122 || 1.0717 | 2-7799 || 1.0702 | 2 6509 || 1.0870 | 2.5500 | 55 || 5 | 1.0953 1.1041 | 2.3588 || 1-1134 1.1231 55 
6 | 1.0648 | 2.9008 |] 1.0719 | 2-7778 || 10793 | 2 ese Sel 2.5488 | 54 | 6 | 1.0955 1.1043 | 2.3574 || I-I135 1.1233 54 
a nose eee paves sey Bs ; a : ah Cees 53 7 | 1.0956 1.1044 | 2.3559 || I-I137 1.1235 53 
ees 2.905) 7 “773 0795 ae 5 Ble ee 52 8 | 1.0958 1.1046 | 2.3544 || I-I139 1.1237 52 
a¢ =e gence 1.0722 ee polis 2 bok arth 2.543) 5t || 9 | 1.0959 1.1047 | 2.3530 |} 1-1140 1.1238 5r 
0053 | 2-900 1.0723 | 2-7694 || 1-079 2.6504 || 1.0877 | 2-5419 | 59 || 10 | 1.0961 1.1049 | 2-3515 || I-1142 1.1240 50 
1x | 1.0654 | 2.8983 || 1.0725 | 2-7674 || 1.0799 2.6485 || 1.0878 | 2.5402 | 49 || 11 | 1.0962 1.1050 | 2.3501 || I-11 1.12. 
12 | 1.0655 | 2.8960 1.0720 | 2.7653 || 1.0801 2.6466 || 1.0880 2.5384 | 48 || x2 1.0963 1.1052 ev 1 st ese nt 2.1877 3 
13 | 1.0656 | 2.8937 || 1-0727 2.7632 || 1.0802 | 2.6447 1.0881 | 2.5367 | 47 || x 1.006 1.10 2. I.11 
y \| .13 5 53 3472 47 1.1245 | 2.1865 | 47 
14 | 1.0658 | 2.8915 1.0728 | 2.7611 || 1.0803 2.642 1.0882 | 2.5350 | 46 || 14 | 1.0966 r.1055 | 2-3457 || 1-1148 8 
15 | 1.0659 | 2.8802 || 1.0729 | 2.7591 1.0804 | 2.6410 || 1.0884 | 2.5333 | 45 || ee reg zee 1.1247 | 2-1852 | 46 
|| 15 | 1.0968 1.1056 | 2.3443 || 1-150 1.1248 | 2.1840 5 
16 2.0000 gee 1.0731 | 2-7570 || 1.0806 | 2.6301 1.0885 | 2.5310 | 44 || 16 | 1.0969 1.1058 | 2.3428 || 1.1151 1.1250 | 2.1828 a 
ef aie I aed 1.0732 | 2-7550 || 1.0807 | 2.6372 1.0886 | 2.5200 | 43 || 17 | 1.0971 r.1059 | 2.3414 || I-1153 1.1252 | 2.1815 | 43 
78 | 10662 | 2.8824 || 1.0733 | 2-7529 || 1.0808 | 2.6353 || 1.0888 2.5281 | 42 18 | 1.0972 56 
1g | 1.0663 | 2.880% |} 1-0734 | 2-7509 || I o81o | 2.6335 || 1.0889 | 2.5264 | 41 19 te ae pee aan saat | 
20 | 1.0664 | 2.8778 || 1.0736 | 2.7488 || x 0811 | 2.6316 || 1.0891 | 2.5247 | 40 Keracsel (ares 2 SEE “33°5 eae E-E255 | 2219" 
at | 1.0666 | 2.8756 || 1.0737 | 2.7468 |) 1.0812 | 2.6207 1.0892 | 2.5230 | 30 21 - le ~ i || GOR 2857 | Se ee 
22 | 1.0667 | 2.8733 || 1-073 2.7447 || 1.0813 | 2.6279 || 1.0803 | 2-5213 | 38 a ae ener 2.3356 —— 1.1258 | 2.1766 | 30 
23 oe ue 1.0739 oe) Boe 2.6260 || 1.0895 | 2.5196 | 37 23 fae oe ee eee a pe 38 
24 | 1.0669 | 2. 1.0740 | 2.740! 1.0816 | 2.6242 || 1.0896 | 2.517 6 || : se - a 2.1 37 
2s | 1.0670 | 2.8666 || 1.0742 | 2.7386 || 1.0817 | 2.6223 || 1.0807 meee a | oo pea 1.1070 | 2.3313 || 1.1164 1.1264 | 2.1730 | 36 
26 | ro6yr | 2.8644 || 1.0743 | 2.7366 |] 1.0829 agen | masoon leaiseab) | se ee Re I.1072 2.3299 1.1166 | 2.2477 || 1-1265 | 2.1717 | 35 
27 | 1.0673 | 2.8621 || 1.0744 | 2-7346 || 1.0820 2.6186 || 1.0900 } 2.5129 | 33 || 27 ee eet Se Mech ae 1-1167 | 2.2464 || 1-1267 | 2.1705 | 34 
28 | 1.0674 | 2.8509 || 1.0745 | 2-7325 || 1.0821 | 2.6168 || 1.0902 | 2.5112 | 32 | 28 reas epee aan I-I169 | 2.2451 || 1.1269 | 2.1603 | 33 
29 | 1.0675 | 2.8577 || 10747 | 2-7305 || 1.0823 | 2.6150 |] 1.0903 | 2.5095 | 3t | 29 | 1.0988 papas 2.3256 || 1.1171 | 2.2438 || 1.1270 | 2.1682 | 32 
30 | 1.067 | 2.8554 || 1.0748 | 2.7285 || 1.0824 | 2.6131 || 1.0904 | 2.5078 | 30 eulesoosa 1.1078 | 2.3242 || I-1172 | 2.2425 || 1.1272 | 2.1669 | 5t 
3x | 1.0677 | 2.8532 || 1.0749 | 2.7265 1.0825 | 2.6113 || 1.0906 | 2.5062 | 29 = 1 1.1079 | 2.3228 || r.1174 | 2.2412 |] 1-1274 | 2.1657 | 30 
32 | 1.0678 | 2.8510 || 1.0750 | 2.7245 || 1.0826 | 2.6095 || 1.0907 | 2.5045 Bae it Me eae — 2.3214 || 1.1176 }] 2.2308 || 1.1275 | 2.1645 | 20 
33 | 1.0679 | 2.8488 || 1.0751 | 2.7225 || 1.0828 | 2.6076 |} 1.0908 2.5028 | 27 oe poke 2.3200 || 1.1177 | 2-2385 || 1-1277 | 2.1633 | 28 
34 | 1.0681 | 2.8466 |} 1.0753 | 2.7205 || 1.0829. | 2.6058 || 1.0910" | 2.50I1 26 oa = os 1.1084 | 2.3186 || 1.1179 | 2.2372 || I-1279 | 2.1620 | 27 
35 | 1.0682 | 2.8444 || 1.0754 | 2.7185 1.0836 | 2.6040 || r.cgrr | 2.4005 | 25 | = Seat 1.1085 | 2.3172 || 1.1180 | 2.2359 |] 1.1281 | 2.1608 | 26 
36 | 1.0683 | 2.8422 || 1.0755 | 2-7165 || 1.0832 | 2.6022 || 1.0913 GEE a | = a a 2.3158 || x-1182 | 2.2346 || 1.1282 | 2.1506 | 25 
37 | 1.0684 | 2.8400 || 1.0756 | 2.7145 || 1.0833 2.6003 || 1.09014 | 2.4961 | 23 | - ay I.E 2.3143 || 1-1184 | 2.2333 || 1-1284 | 2.1584 | 24 
38 | 1.0685 | 2.8378 || 1.0758 | 2.7125 || 1.0834 | 2.5085 {| T.co15 | 2.4045 | 22 33 - 1.1090 | 2.3129 || 1.1185 | 2-2320 || 1.1286 | 2.1572 | 23 
35 | 10680 | 2.8356 || 1.0750 | 2.7108 || 1.0836 | 2.5067 || r.00r7 Rae es | a - 1.1092 | 2.3115 || x-1187 | 2.2307 |] 1.1287 | 2.1560 | 22 
fo | 1.0688 | 2.8334 || 1.0760 | 2.7085 || 1.0837 | 2.5049 || 1.0018 | 2.4912 | 20 re * one eats 1.1189 | 2 z=94 1.1289 | 2.1548 | 21 
4 | 1.0689 | 2.8312 || 1.0761 | 2.7065 || 1.0838 | 2.5031 || 1.0920 | 2.48 ; ; = T.I190 | 2.2282 || 1.1291 | 2.1536 | 20 
R A , 4805 | 1 
42 | 1.0690 | 2.8290 |] 1.0763 | 2.7045 || 1.0840 | 2.5913 || 1.0021 } 2.4879 8 a = 1.1096 | 2.3073 |] I-1192 | 2.2269 || 1.1203 | 2-1525 | 19 
43 ere Ces 1.0764 | 2.702 1.0841 | 2.5895 || 1.0922 | 2.4862 | 17 43 = 1.1098 | 2.30590 || 1.4103 | 2-2256 |} 1.1204 | 2.1513 | 18 
44 ey 2.8247 || 1.0765 | 2.7006 || 1.0842 | 2.5877 || 1.0024 2.4846 | 16 44|1 I.1099 | 2.3046 || I.1105 | 2-2243 |} 1.12 2.1501 | 17 
5p 1.0694 | 2.8225 || 1.0766 | 2.6986 |] 1.0844 | 2.5859 || 1.0025 2.4829 | 15 || as s I.r101 | 2.3032 |} 1.1197 | 2-2230 |] 1.1208 | 2.1480 } 16 
4 1.0695 | 2.8204 || 1.0768 | 2.6067 |} 1.0845 | 2.5841 || 1.0027 | 2.4813 | 14 3 . r.1102 | 2.3018 || 1.1198 | 2.2217 || 1.1209 | 2.1477 | 15 
47 1.0606 | 2.8182 || 1.0769 | 2.6047 || 1.0846 | 2.5823 || 1.0028 | 2.4707 | 13 | & as 1.1104 | 2.3004 || 1.1200 | 2.2204 || 1.1301 | 2.1465 | 14 
A 1.0607 28160 1.0770 2.6927 1.0847 2.5805 eorO 2.4780 rl = I. 1.1106 2.2900 1.1202 2.21902 | 1.1303 2.1453 13 
49 | 1.0698 | 2.8139 || 1.0771 | 2.6908 |} 1.0840 | 2-5787 || 1.0031 | 2.4764 | I1 yy T. I.1107 | 2.2976 || 1.1203 | 2.2179 |] 1.1305 | 2.1441 | 12 
50 | 1.0699 | 2.8117 || 1.0773 | 2.6888 || 1.0850 | 2.5770 || 1.0032 | 2.4748 | 10 || = 2 1.1109 | 2.2962 || 1.1205 | 2.2166 || 1.1306 | 2.1430 | 12 
51 | x.0701 | 2.8096 |] 1.0774 | 2.6869 || 1.0851 | 2.5752 || 1.0 ’ r.tr10 | 2.2949 || 1.1207 | 2.2153 || 1-1308 | 2.1418 
3 . .0034 | 2.4731 ; 4 a 
$2 | 1.0702 | 2.8074 || 1.0775 | 2.6849 || 1.0853 | 2.5734 || 1.0035 | 2.4715 8 st “a . I.1112 | 2.2935 || x-r208 | 2.2141 |] 1.13710 | 2.1406 
53 | 1.0703 | 2.8053 || 1.0776 | 2.6830 || 1.0854 | 2.5716 || 1.0036 | 2.4609 7 s 3 . 1.1113 | 2.2921 || 1.1210 | 2.2128 |] 1.1312 | 2.1304 8 
54 | 1.0704 | 2.8032 || 1.0778 | 2.6810 || 1.0855 | 2.5600 |] 1.0038 | 2.468. 6 |! S| bet , I.Irr§ | 2.2007 || 1.1212 | 2.2115 |] 1.131 7389 
55 | 1.0705 | 2.8010 || 1.077 2.6 8 ‘ Re | 54 | 21-1025 : | r.r116 2 t Se he 7 
ZeMar ey | arose berke | pyre lire o8es 2.5681 || 1.0039 | 2.4600 | § || 5 | x.1026 | 2.3736 || 3 erie | S-acgt fp Paers | Sees 9 eee 
H A 1.085) 2.5663 || r.0041 | 2.4650 4 Oe +5730 || I. 2.288 I.1215 | 2.2 1.1317 | 2.1 
By | tors | Son || raise | Serse ]1oks9 | se8 | xu | Ses4 | 3 | Sp | Caos | Saye || rraas | S585 || raaes | Soee || ae aus | 4 
: * 079; 073 1.0861 | 2.562 1.0943 | 2.4618 2 28 bbeiadzh. “4 +TI2 2.2553 1.121 2.2065 1.1320 | 2.1 
59 | 1.0710 | 2.7925 || 1.0784 | 2.6714 |} 1.0862 | 2.5610 || 1.0 | 58 | x.x0gr | 2.3601 || x.1123 | 2.2830 || 1.1220 | 2.2052 a 
se) 1.0711 | 2.7904 || 1.0785: | 2.6605 || 1.0864 | 2.5503 nea pet : 3° Aoi ear i} 1.1124 | 2.2825 || r.1222 | 2 on ca ate . 
| ————} | — | ——- i +103 2.3662 : , 8 * = 
* |Co-szc.| Sec. ||Co-szc.| Szc. ||Co-suc.| Szc. ||Co-suc.) Sec |? || > 4 | SSCS | SteO | Banke hee Tee eee 
69° 68° 67° 6 6° ¥ Co-sEc Uf Sec, ||Co-sec.! Src. [Co-sec. SEc. a a 
ie, 2 tae LO. 66° Ma: ee a 63° 62° 
ee ee 


So mronrenno | . 


28° 


Src. 


1.1326 


1.1327 
1.1329 
1.1331 
1.1333 
1-1334 
1.1336 
1.1338 
1.1340 
1.1341 
1.1343 


1.1345 
1.1347 
1.1349 
1.1350 
1.1352 
1.1354 
1.1350 
1.1357 
1.1359 
1.136% 
1.1363 
1.1365 
1.1366 
1.1368 
1.1370 
1.1372 
1.1373 
1.1375 
1.1377 
1.1379 
1.1381 
1.1382 
1.1384 
1.1386 
1.1383 
1.1390 
1.1391 
1.1303 
1.1305 
1.1307 
1.1300 
1.1401 
1.1402 
1.1404 
1.1406 
1.1408 
1.1410 
I-I41L 
1.1413 
1.1415 
I.I417 
1.1419 
1.1421 
1.1422 
1.1424 
1.1426 
1.1428 
1.1430 
1.1432 


1.1433 


Co-sEc. 


2.1300 
2.1289 
2.1277 
2.1266 
2.1254 
2.1242 
2.1231 
2.1219 
2.1208 
2.1196 
2.1185 


2.1173 
2.1162 
2.1150 
2.1139 
2.1127 
2.1116 
2.1104 
2.1003 
2.1082 
2.1070 
2.1050 
2.1048 
2.1036 


29° 


SEc. 


1.1433 
1.1435 
1.1437 
1.1439 
1.1441 
1.1443 
1.1445 
1.1446 
1.1448 
1.1450 
1.1452 


1.1454 
1.1456 
1.1458 
1.1459 
1.1461 
1.1463 
1.1465 
1.1467 
1.1469 
1.1471 


H 

ro] 
psy 
x 
fo 


Co-sEc. 


2.0627 
2.0616 
2.0605 
2.0504 
2.0583 
2.0573 
2.0562 
2.0551 
2.0540 
2.0530 
2.0519 
2.0508 
2.0408 
2.0487 
2.0476 
2.0466 
2.0455 
2.0444 
2.0434 
2.0423 
2.0413 
2.0402 
2.0302 
2.0381 
2.0370 
2.0360 
2.0349 
2.0330 
2.0320 
2.0318 
2.0308 


2.0207 
2.0287 
2.0276 
2.0266 
2.0256 
2.0245 
2.0235 
2.0224 
2.0214 
2.0204 


2.0194 
2.0183 
2.0173 
2.0163 
2.0152 
2.0142 
2.0132 
2.0122 
2.0111 
2.0101 


2.0001 
2.0081 
2.0071 
2.0001 
2.0050 
2.0040 
2.0030 
2.0020 
2.0010 
2.0000 


SEc. 
1o] 
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TABLE 5.—NATURAL TRIGONOMETRIC FuNcTIONS—(Continued) 


30° 

Src. | Co-sEc. 
1.1547 | 2.0000 
1-1549 | 1.9990 
I.I551I | 1.9980 
I.1553 | 1.9070 
I.1555 | 1.9900 
1.1557 | 1.9950 
I-I559 | 1.0040 
1.1561 1.9930 
1.1562 | 1.9920 
1.1564 | 1.0910 
1.1566 | 1.9900 
1.1568 | 1.9890 
I.1570 | 1.9880 
1.1572 | 1.9870 
1.1574 | 1.9860 
1.1576 | 1.9850 
1.1578 | 1.9840 
1.1580 | 1.9830 
1.1582 | 1.9820 
1.1584 | 1.9811 
1.1586 | 1.9801 
1.1588 | I.9701 
1.1590 | 1.9781 
1.1592 | 1.9771 
1.1594 | 1.9761 
I.1590 | 1.9752 
I.1598 | 1.9742 
I.1600 | 1.9732 
1.1602 | 1.9722 
1.1604 | 1.9713 
1.1606 | 1.9703 
1.1608 | 1.96903 
1.1610 | 1.9683 
I 


31° 
Sec. | Co-src. 
1.1666 | 1.9416 
1.1668 | 1.9407 
1.1670 | 1.0307 
1.1672 | 1.9388 
1.1674 | 1.9378 
1.1676 | 1.0360 
1.1678 | 1.9360 
1.1681 | 1.9350 
1.1683 | 1.9341 
1.1685 | 1.9332 
1.1687 | 1.9322 
1.1689 | 1.9313 
1.1691 1.9304 
1.1693 | 1.9205 
1.1695 | 1.9285 
1.1697 | 1.9276 
1.1699 | 1.9267 
I.I7OL | 1.9258 
I.1703 | 1.9248 
I.1705 | 1.9239 
1.1707 | 1.9230 
I.1709 | 1.9221 
I.I712 | 1.9212 
I.I714 | 1.9203 
1.1716 | 1.9103 
1.1718 | 1.9184 
I.1720 | 1.9175 
I.1722 | 1.9166 
1.1724 | 1.9157 
1.1726 | 1.9148 
1.1728 | 1.9139 
1.1730 | I.9130 
E732 | FOv2at 
1.1734 | I-9112 
1.1737 ||| 2-0102 
I-1739 1.9003 
I.1741 | 1.9084 
1.1743 | 1.9075 
1.1745 | 1.9066 
1.1747 | 1.9057 
1.1749 | 1.9048 
I.I75I | 1.9039 
1.1753 | I-9030 
1.1756 | 1.9021 
1.1758 | 1.9013 
1.1760 | 1.9004 
1.1762 | 1.8905 
1.1764 | 1.8986 
1.1766 | 1.8977 
1.1768 | 1.8968 
1.1770 | 1.8959 
1.1772 | 1.8950 
1.1775 | 1-8941 
1.1777 | 1.8932 
1.1779 | 1.8924 
r.1781 | 1.8915 
1.1783 | 1.8006 
1.1785 | 1.88097 
1.1787 | 1.8888 
1.1790 | 1.8879 
1.1792 | 1.887% 
, ) SEC, 
58° 


od oye See 


O Gr QUawW HHO | > 


Io 


32° 
Sec. | Co-src. 
x.1792 | 1.8871 
1.1794 | 1.8862 
1.1796 | 1.8853 
1.1798 | 1.8844 
1.1800 | 1.8836 
1.1802 | 1.8827 
1.1805 | 1.8818 
1.1807 | 1.8809 
1.1809 | 1.8801 
r.1811r | 1.8792 
1.1813 | 1.8783 
1.1815 | 1.8785 
1.1818 | 1.8706 
1.1820 | 1.8757 
1.1822 | 1.8749 
1.1824 | 1.8740 
1.1826 | 1.8731 
1.1828 | 1.8723 
1.1831 | 1.8714 
1.1833 | 1.8706 
1.1835 | 1.8697 
1.1837 | 1.8688 
1.1839 | 1.8080 
1.1841 | 1.8671 
1.1844 | 1.8663 
1.1846 | 1.8654 
1.1848 | 1.8646 
1.1850 | 1.8637 
1.1852 | 1.8629 
1.1855 | 1.8620 
1.1857 | 1.8611 
1.1859 | 1.8603 
1.1861 | 1.8505 
1.1863 | 1.8586 
1.1866 | 1.8578 
1.1868 | 1.8569 
1.1870 | 1.8561 
1.1872 | 1.8552 
1.1874 | 1.8544 
1.1877 | 1.8535 
1.1879 | 1.8527 
1.1881 | 1.8510 
1.1883 | 1.8510 
1.1886 | 1.8502 
1.1888 | 1.84903 
1.1890 | 1.8485 
1.1892 | 1.8477 
1.1894 | 1.8468 
1.1897 | 1.8460 
1.1899 | 1.8452 
I.I90I | 1.8443 
I.1903 | 1.8435 
1.1906 | 1.8427 
1.1908 | 1.8418 
I.I910 | 1.8410 
I.1912 | 1.8402 
I.1915 | 1.8304 
1.1917 | 1.8385 
I.I919 | 1.8377 
I.192I | 1.8360 
1.1922 | 1.8361 
Co-sEc.| SEc. 
57° 


33° 

Src. | Co-src. 
1.10924 | 1.8361 
1.1926 | 1.8352 
1.1928 | 1.8344 
I.1930 | 1.8336 
1.1933 | 1.8328 
1.1935 | 1.8320 
1.1937 | 1.8311 
1.1939 | 1.8303 
I.1942 | 1.8295 
1.1944 | 1.8287 
1.1946 | 1.8279 
1.1948 | 1.8271 
1.1951 | 1.8263 
I-1953 | 1.8255 
1.1955 | 1.8246 
1.1958 | 1.8238 
I.1960 | 1.8230 
1.1962 | 1.8222 
1.1964 | 1.8214 
1.1967 | 1.8206 
1.1969 | 1.8198 
I.197I | 1.8190 
I.1974 | 1.8182 
1.1976 | 1.8174 
1.1978 | 1.8166 
1.1980 | 1.8158 
1.1983 | 1.8150 
1.1985 | 1.8142 
1.1987 | 1.8134 
I.1990 | 1.8126 
1.1992 | 1.8118 
1.1994 | 1.8110 
1.1997 | 1.8102 
1.1999 | 1.8004 
I.2001 | 1.8086 
1.2004 | 1.8078 
1.2006 | 1.8070 
1.2008 | 1.8062 
1.2010 | 1.8054 
1.2013 | 1.8047 
1.2015 | 1.8039 
1.2017 | 1.8031 
1.2020 | 1.8023 
1.2022 | 1.8015 
1.2024 | 1.8007 
1.2027 | 1.7900 
1.2029 | 1-7992 
1.2031 | 1.7984 
1.2034 | 1.7976 
1.2036 | 1.7968 
1.2039 | 1-7960 
I.2041 | 1.7053 
1.2043 1.7045 
1.2046 | 1-7037 
1.2048 | 1.7020 
1.2050 | I.7921 
1.2053 | I.7014 
1.2055 | 1.7906 
1.2057 1.7808 
1.2060 | 1.7801 
1.2062 | 1.7883 

SEc. 
6° 


Co-sEc. 
5 


34° 

Src. [Co-sEc. 
1.2062 | 1.7853 |, 
1.2064 | 1.7875 
1.2067 | 1.7867 
1.2069 | 1.7860 
1.2072\ | 2.7852 
1.2074 | 1.7844 
1.2076 | 1.7837 
1.2079 | 1.7829 
1.2081 | 1.7821 
1.2083 | 1.7814 
1.2086 | 1.7806 
1.2088 | 1.7798 
1.2001 1.7791 
1.2093 | 1.7783 
1.20905 | 1-7770 
1.2098 | 1.7768 
I.2100 | 1.7760 
1.2103 | 1.7753 
1.2105 | 1.7745 
1.2107 | 1.7738 
1.2110 | 1.7730 
Tarra |\ou.7723 
1.2115 nila) 
1.2117 | 1.7708 
1.2119 | 1.7700 
1.2122 | 1.7603 
1.2124 | 1.7685 
1.2127 | 1.7678 
1.2129 | 1.7670 
E2132 || ¥.7603 
1.2134 | 1-7655 
1.2736 | 1.7648 
1.2139 | 1.7640 
1.2141 1.7633 
1.2144 | 1.7625 
1.2146 | 1.7618 
1.2149 | 1.7610 
1.2151 | 1:7603 
1.2153 | 1.7590 
1.2156 | 1.7588 
1.2158 | 1.7581 j 
1.2161 | 1.7573 
1.2163 | 1.7506 
1.2106 | 1.7550 
1.2168 | 1.7551 
I.217I | 1.7544 
1.2173 | 1.7537 
I.2175 | 1-7520 
T2078) || Te75a2 
1.2180 | 1.7514 
1.2183 | 1.7507 
1.2185 | 1.7500 
1.2188 | 1.7403 
I.2190 | 1.7485 
1.2193 | 1-7478 
1.2195 | 1.7471 
1.2108 | 1.7463 
1.2200 } 1.7456 
1.2203 1.7440 
1.2205 | 1.7442 
1.2208 | 1.7434 
Co-sec.! Src. 

05° 
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35° 
Src. | Co-src. |} ’ 
1.2208 | 1.7434 | 60 
1.2210 | 1.7427 | 59 
1.2213 | 1.7420 | 58 
1.2215 | 1.7413 | 57 
1.2218 | 1.7405 | 56 
1.2220 | 1.7398 | 55 
1.2223 | 1.7391 | 54 
1.2225 | 1.7384 | 53 
1.2228 | 3.7377 | 52 
1.2230 | 1.7369 | 51 
1.2233 | 1.7362 | 50 
1.2235 | 1.7355 | 40 
1.2238 | 1.7348 | 48 
1.2240 | 1.7341 | 47 
1.2243 | 1.7334 | 46 
1.2245 | 1.7327 | 45 
1.2248 | 1.7319 | 44 
1.2250 | 1.7312 | 43 
1.2253 | 1.7305 | 42 
I.2255 | 1.7298 | 41 
1.2258 | 1.7291 | 40 
1.2260 | 1.7284 | 30 
1.2263 | 3.7277 | 38 
1.2265 1.7270 | 37 
1.2208 | 1.7263 | 36 
1.2270 | 1.7256 | 35 
31.2273 | 1.7249 | 34 
§:2270 || 1.7242 4) 33 
1.2278 | 1.7234 | 32 
Z.228t | 1.7227 | 32 
1.2283 | 1.7220 | 30 
1.2286 | 1.7213 | 29 
1.2288 | 1.7206 | 28 
1.2201 1.7199 | 27 
1.2203 | 1.7192 | 26 
1.2296 | x.7185 | 25 
1.2298 | 1.7178 | 24 
1.2301 | 1.7171 | 23 
1.2304 | 1.7164 | 22 
1.2306 | 1.7157 | 21 
1.2309 | 1.7151 | 20 
1.2311 | 1.7144 | 10 
1.2314 | 13-7137 | 18 
1.2316 | 1.7330 | 17 
I.2319 | 1.7123 | 16 
1.2322 | T7116 | 15 
1.2324 | 1.7109 | 14 
T2327) | Wey ree, Il ans 
1.2329 | 1.70905 | 12 
1.2332 | 1.7088 | 11 
1.2335 | 1.7081 | I0 
1.2337 1.7075 9° 
1.2340 | 1.7068 8 
1.2342 | 1.7061 7 
1.2345 | 1.7054 | 6 
1.2348 | 1.7047 5 
1.2350 | 1.7040 4 
1.2353 | 1-7033 3 
1.2355 | I-7027 2 
1.2358 | 1.7020 I 
1.2301 1.7013 fe) 
Go-sec.|| Sec. || * 
ie} 
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TABLE 5.—NATURAL TRIGONOMETRIC Funcrions—(Continued) 


‘ 37° 38° 39° ) 40° 41° 42° ° 
Mets Sec. |Co-sec.|} Src. |Co-src.|| Src. | Co-sEc. Ls | i Sec. |Co-sec.|| Sec. | Co-SEc. Sec. |Co-ssc.|| Sec. | Co-srec.| 7 
| | ——_—_|] ————_- ———— —_—_|—- ||) ——- —_—_——_—_——_— —————|— 
° 1.2521 | 1.6616 || 1.2690 | 1.6243 || 1.2867 | 1.5890 | 60 | © | 1.3054 | I. 1.3250 1.3456 
I 1.2524 | 1.6610 || 1.2093 | 1.6237 |} 1.2871 1.5884 59 I ison pice aes ee ae . 
2 1.2527 | 1.6603 || 1.2606 | 1.6231 || 1.2874 | 1.5879 | 58 2 | 1.3060 | 1.5546 || 1.3257 1.3463 1.4654 3 
3 I.2530 | 1.6597 || 1.2699 | 1.6224 || 1.2877 | 1.5873 | 57 3 | 1.3064 | 1.5541 || 1.3260 1.3467 1.46. 
4 1.2532 | 1.6501 || 1.2702 | 1.6218 || 1.2880 | 1.58607 | 56 | 4 | 1-3067 1.5536 || 1.3263 1.3479 608 % 
a 1.2535 | 1.6584 || 1.2705 | 1.6212 || 1.2883 | 1.5862 | 55 || § | 1.3070 | 1.5530 1.3267 1-3474 Tae - 
: 1.2538 fects 1.2707 | 1.6206 || 1.2886 | 1.5856 | 54 6 | 1.3073 | 1-5525 || 1-3270 1-3477 1.4635 | 54 
z +254 .6572 || 1.2710 | 1.6200 || 1.2889 | 1.5850 | 53 7 | 1.3076 | 1.5520 || 1.3274 1.3481 1.4631 | 53 
1.2543 | 1.6565 || 1.2713 | 1.6194 |] 1.2892 | 1.5845 | 52 8 | 1.3080 | 1.5514 || 1-3277 1.3485 1.4626 
2 aoe 1S 1.2716 es ee 1.5839 51 9 | 1.3083 | 1.5509 || 1.3280 1.3488 1.4622 = 
5 1.6552 || 1.2719 | 1.6182 || 1.2 1.5833 | 50 ro | 1.3086 | 1.5503 || 1.3284 1.3492 1.3710 | 1.461 5 
It 1.2552 | 1.6546 || 1.2722 | 1.6176 || 1.2901 | 1.5828 308 : eee 
4 = Epste adie areas Basi a 3 a apne: Seve hess Pitts i ere 3 
1.25 1.6533 || 1.272 1.6164 |} 1.2907 | 1.5816 | 47 13 | 1.30906 | 1.5487 || 1.32 : ‘ 460. 
14 1.2560 | 1.6527 || 1.2731 | 1.6159 || 1.2910 | 1.5811 6 I : ee ae pe oi 
: : ‘ 4 | 1.3099 | 1.5482 || 1.3207 1.3506 
15 1.2563 | 1.6521 || 1.2734 | 1.6153 |] 1.291 1.580 a = ers | 
16 aves Wecera hae | +2913 -§805 | 45 || I5 | 21-3102 | 1.5477 || 1-330 1.3509 1.3729 | 1.45 
; R -2737 | 1.6147 || 1.2016 | 1.5790 | 44 16 | 1.3105 | 1.5471 |} 1-330. nel 
17 1.2568 | 1.6508 || 1.2730 | 1.6141 || 1.201 | rs: pee xaeet Se tee ee 
18 ave ad ie ela O14 2019 | 1.5704 | 43 17 | 1.3109 | 1.5466 || 1.3307 1.3517 1.3737 | 1-4586 
R R -2742 | 1.6135 || 1.2922 | 1.5788 | 42 18 | 1.3112 | 1.5461 || x > = 
19 1.2574 | 1.6496 || 1.2745 | 1.6129 || 1.2926 ay oe Spo ESree | sms ee 
Be ) R 202 1.5783 | 4m || 19 | 1.3115 | 1-5456 || 1.3314 a 
* 1.2577 ore 1.2748 | 1.6123 || 1.2929 | 1.5777 | 40 || 20 | 1.3118 | 1.5450 as spo mi gis = 
ze eee ee 3 || r.275r | 1.6227 |} 1.2932 | 1.5771 | 390 || 2 | I-312I | 1-5445 || 1-3321 1.3531 1.3752 
re Hee Se 1.2754 oo 7033 1.5766 | 38 || 22 | 1.3125 | 31-5440 || 1.3324 1.3534 I as = 3 
F : 1.2757 | 1.6105 }] 1.293 1.5760 | 37 23 | 1.3128 | 1 8 p pte . 
24 1.2588 | 1.6464 || 1.2760 | 1.60 pee Protec 1.3538 23739} = 
A -6099 || 1.2941 | 1.5755 | 36 24 | 1.3131 | I. 2 poet b 
25 1.2591 | 1.6458 || 1.2763 | 1.60 I | Sere gee Ste 1.3763 | 31-4554 
a x.2503 | 1.6452 || 1.2766 | 1.6087 ae: elie . Ie re — 2.3335 1.3545 1.3767 | 1.4550 
33 ee — eee, ptt 1.2950 | 1.5738 | 33 27 | 1.3141 | 1.5413 1.3342 ieee ate: saaek 34 
20 Dsecotles Gace Se aikle oe 1.2953 1.5732 | 32 28 | 1.3144 | 1.5408 |} 1.3345 1.3556 13778 14536 3 
3° 1.260. 6 , 1.205 1.5727 | 3% 29 | 1.3148 | 1.5403 || 1.3348 1.3560 32 
5 | 1.6427 || 1.2778 | 1.6064 || 1.2960 | x ~ 1.3782 | 1-4532 | 3% 
31 CEES eRe ag repairs 5721 | 30 30 | 1.3151 | 1.5398 || 1.3352 1.3563 1.3786 | 1.4527 | 30 
3 ae ee eh : ra Sd . a4 = 7.3154 2.5392 1.3355 1.3567 1.3790 | 1.4523 
1.261 6 J : ; 1.5357 || 1.3359 : 3 
34 a Be ae a re ees ae 27 33 | 1 aes 1.5382 || 1.3362 oa 7 15797 ae 2 
35 1.2619 | 1.6396 || 1.27 ‘60 : aaahe 34] Sgtet |e sa77 fl Sas 1.3578 : 
36 1.2622 | 1.6389 || 1.2 fo espe june dhe) ccies Bl 35 | 31-3167 | 1.5371 || 1.3360 ee Papen en 
2795 | 1.6029 || 1.2978 | 1.5688 6 1.3581 1.3805 | x 
37 1.2624 | 1.6383 || 1.2798 | 1.60 Z pte) Baral Mei-nad Bese Sa ert Goan 1.3585 : ha 
38 1.2627 | 1.6377 || 1.2801 50728 Po oee | eee oa 37 | 1.3174 | 1.5362 || 1.3376 a zaiee | se 
. > : 6017 || 1.2985 | 1.56 8 33 1.3589 1.3813 | x 
39 112630 | 1.6371 || 1-2804 | x 5677 | 22 38 | 1.3177 | 1-5356 || 1.3379 1.3502 a 
40 1.2633 | 1.6365 || 2.2807 rae Ba88 | S072) 2a) Se eee pee ees 13396 oa | ele 
4i 1.2636 | 1.6359 || 1.2810 Les Sree ie 40-2 | See pana 1.3600 I 3824 cae 20 
42 ae ie - 1.2004 | 1.5661 | 19 4r | 1.3187 | 1.5340 |] x. 20 
43 e2oe | toses | nats | tomes | razor | rasss | ob | ae | rau | ees | rsa 13607 roses | ragzs | 28 
1.2644 | 1.6340 || 1.2819 | 1.2082 || x. ‘5650 | 17 || 43 | 31-3193 | 1-5330 || 1.3307 1.3612 “4474 | 2 
45 1.2647 | 1.6334 || 1.28, spe ape aood) | Fase we 44 | 1.3107 | 1.5325 |] 1.3400 on | Ee 
46 SEE | eee 9 | ne 1.5976 || 1.3006 | 1.5639 | 15 45 | 1.3200 | x ow 1.3839 | 1-445 | 16 
- 632: 1.2825 | r.5971 || x -5319 || 1.3404 1.3618 
47 1.2653 | 1.6322 || 1.2828 9 +3010 | 1.5633 | 14 46 | 1.3203 | 1.5314 |} 1.3407 . 1.3843 | 1.4461 |] 15 
48 1.2656 | 1.6 +2628 | 1.5965 || 1.3013 | 1.5628 | 13 47 | 1.3207 — 1.3847 | 1.4457 | 1 
: 6316 || 1.2831 | 1.505 = Sons 1.5300 || I.3411 1.3625 7 
49 1.2659 | 1.6309 || 1.28 9 |] 21-3016 | 1.5622 | 12 48 | 1.3210 | 1.5304 || 1.3414 a | Se 
50 1.2661 | 1.6303 teas I-5953 || 1.3019 | 1.5617 | 11 49 | 1.3213 | 1.5200 || 1.3418 1.3629 1.3855 | 1.4448 | 12 
= Seg ile Se age 1.3022 | 1.5611 | 10 50 | 1.3217 | 1.5204 || 1.3421 cee : 38590 | 1-4443 | Ir 
52 Mice, | aezerill sa8ag ier 1.3025 | 1.5606 | 9 5I | 1.3220 | 1.5280 |] 1.3425 6. pend te Ree 
53 | 1.2502 | 1.666r || 1.2670 | 1-285 || 12800 +503 1.3029 | 1.5600 | 8 52 | 1.3223 | 1.5283 |] 1.3428 See 1.3867 | 1.4435] 9 
$4 | T2503 | Teoee |] 207° | S285 || #2846 | 5950 || 3052 | rssos | 7 || $3 | 3227 | 1.5078 cee 1.3044 1.3870 | 1.4430] 8 
55 | 1.2508 | 1.6648 || 1.2676 | 1.6273 pre 1.5024 || 1.3035 | 1.5590 6 54 |°3.3230 | x.s273 — 1.3647 1.3874 | 1.4426 7 
Pica | eg ate Poe tie er oe zio39 1.3038 | 1.5584 ] 5 55 | 3.3233 | 1.5268 en — 1.3878 | 1.4422 |] 6 
Er Gases | a-66g6'lligagael-aes6e i ccees |e. 913 || 1.3041 | 1.5570 | 4 56 | 1.3237 | 1.5263 || 1.3442 eos 1.3882 | 1.4417] 5 
1.2516 | 1.6629 |] 1.2684 | 1.6255 || 1.286 1.5573 3 57 | 1.3240 | 1.5258 || 1.3446 +365 1.3886 | 1.4413 |] 4 
59 1.2519 | 1.6623 || 1.2687 | 1.6249 mate, 1.5568 2 58 | 1.3243 | 1.5253 Scale 1.3662 1.3800 | 1.44 3 
Go | 1.2521 | 1.6616 || 1.2690 | 1.6243 |] 1.2867 1.5563 | 1 50 | 3.3247 | 1.5248 |] 3.3453 1.3666 1.3804 | 1.4404 | 2 
: ieteas" | eee 1.5557 | 0 60 | 1.3250 | 1.52 = 1.3069 1.3808 | 1.4400] 1 
Cae Nicaea: ; ee =i DO | _%:3250 | 1.5242 || 1.3456 1.3673 
E30 fey to) oe Src. ||Co-sxc. SEc. ‘ 710 econ esis gd 1.3902 | 1.4305 ° 
= . 'O-SEC. EC, ~ er 
51 3 | “ Co-sEc. x Co-src.| Src. |” 
47° ° 
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cube root as close as needed. For the fourth root, the new divisor 


44° ° ° : : ° 
ee HR oom ; | ; nes ee : will be one-fourth the sum of the last quotient and three times the 
pe S83 preceding divisor. For the fifth root, one-fifth the sum of the last 
© | 1.3902 | 1. hs I. -406, . i : c * ie 
4] ae — pices See 39 05 ae ie wee ag quotient and four times the preceding divisor, and so for any root 
2 | 1.3909 1.4387 eae 1.4207 oe 43 | 1.4073 ats i required. 
3 | 1.3013 | 1.4382 1.3 1.4292 | 3 44 | 14077 | 1.42 I . 
4 | 1.3017 | 1.4378 1.4000 1.4288 35 As 1.408% r.4204 | x5 Whatever the root, to the number of decimal places that the 
z Rage es Spee epee Suna: cases ped is divisor and quotient agree, they are correct—comparison of the two 
z 1.3929 1.4305 ea Enis 32 || 48 | 1.4093 eaten a2 showing at once the degree of approximation to which the process 
ats +4301 I.401 1.4271 | 31 || 49 | 1.4007 | 1.41 II ° 
9 | 1.3037 | 1.4357 1.4020 | 1.4267 | 30 || 50 | r.4101 | 1.4183 | 10 has been carried. 
TO | 1.3041 | 1.4352 1.4024 | 1.4263 | 29 |] 51 | 1.4105 | 1.4179 | 0 
Ir | 1.3045 | 1.4348 1.4028 | 1.4259 | 28 || 52 | 1.4109 | 1.4175 8 
12 | 1.3049 | 1.4344 1.4032 | 1.4254 | 27 || 53 | 1.4113 | 1.4171 7 
I3 | 1.3953 | 1-4339 1.4036 =A 26 || 54 | 1.4117 | 1.4167 6 
14 | 1.3057 | 1.4335 1.4040 | 1.424 25 || 55 | 41-4122 | 1.4163 5 
15 1.3960 | 1.4331 1.4044 | 1.4242 | 24 || 56 | 1.4126 | 1.4150 | 4 TaBLE 6.—F actors For Usre in Extractinc Roots sy THE 
I 1.3964 | 1.4327 1.4048 | 1.4238 | 23 |} 57 | 1.4130 } 1.4154 3 
a 1.3968 S85 eee 1.4233 | 22 || 58 | 1.4134 | 1.4150 2 Facrortnc Mrtuop 
I 1.3972 | 1.431 1.405 1.4229 | 21 |] 59 | 1.4138 | 1.4146 I 
19 | 1.3076 | 1.4314 1.4000 | 1.4225 | 20 1.4142 | 1.4142 | 0 ad power 3d power 4th power 5th power 
20 | 1.3 1.4310 Factors | The factor is | The factoris | The factoris | The factor is 
ap re. mel See Fe TPN Gonerh Sue.) © the sq. root the third root | the fourth root | the fifth root 
| 45° 45° I I I I I 
P a: 2 4 8 16 32 
e 2 ' 3 9 27 81 243 
The factoring method of extracting roots (also called the successive 4 16 64 256 1,024 
approximation method) is applicable to any root and, except for the 5 25 125 625 3,125 
square root, is less laborious than other arithmetical methods. , , ? , 
. 1: 21 I,2) ’ 
It is greatly facilitated by the use of Table 6 of factors. 4 hs ae : oe s a 
To find the square root proceed as follows: Look in the table of 8 64 512 4,096 32,768 
second powers for the number nearest the given number of which the 9 8r 729 6,561 59,049 
root is desired, and take the factor of that power. Divide the given gs a vee ee ee 
number by that factor. Then divide the number by the half sum II 121 1,331 14,641 161,051 
of the factor and quotient for a second approximation. Divide the 12 144 1,728 20,736 248,832 
number again by the half sum of the second approximation and the 13 169 2,197 28,561 371,293 
second quotient. 14 196 2,744 38,416 537,824 
3 < ; : ‘ ui} 225 31375 50,625 7591375 
‘This process can be continued until the result is obtained to any 
required degree of exactness. Usually two divisions give the root 16 256 4,006 65,536 1,048,576 
to as great a number of places as is necessary. 17 289 4,913 83,521 1,419,857 
: ase - 18 324 5,832 104,976 1,880,568 
To find the cube root proceed in a similar way, as follows: Look es ae wack ee apes 
in the column of third powers for the number nearest the given me an g:00% Peekode iene 
number. Take out the factor. Divide the given number by that 
factor. Divide the quotient also by the factor. Take one-third 21 44t 9,261 194,481 4,084,101 
we * +s 22 484 10,648 234,256 5,153,632 
the sum of the two divisors and the last quotient for a second divisor. as ea aoe rota ay 6.4g60443 
Divide the given number by this second divisor and divide the quo- 24 576 13,824 331,776 7,062,624 
tient also by tt. Take one-third the sum of twice the second divisor 25 625 15,625 300,625 0,765,625 
and the final quotient for a third divisor. It may not be necessary 
to divide the number a third time. This third divisor may be the 
TABLE 7.—SIZES OF LARGEST SQUARES (CORNERS BEING SHARP) WHICH CAN BE OBTAINED FROM RouND STOCK 
Diameter | Diameter Diameter 
Diameter Decimal mG Diameter Decimal F _ Diameter Decimal =i 
of stock equivalent ¥ of stock equivalent Ste of stock equivalent ee 
Ps .125 0883+ Its 1.0625 7551+ 2 2.000 I.414 
1875 .1325+ 1} | 1.125 -7953+ 2%6 2.0625 1.4581+ 
rt .250 .1767+ Its 1.1875 -8305+ 2h 2.125 1.5023-+ 
te +3125 - 2209+ 1} 1.250 8837+ 2% 2.1875 1.5465 + 
2 .375 .2651+ its 1.3125 -9279-+ 2t 2.250 1.5907 + 
is +4375 - 3093+ 1% 1.375 -9721+ ats 2.3125 1.6349-+ 
3 .500 3535 v6 1.4375 1.0163+ 24 2.375 1.6791+ 
* | §625 3076+ 1} 1.500 1.0605 216 2.4375 1.7233-+ 
5 .625 4418+ 1%s 1.5625 1. 1046+ 24 2.500 1.7675 
ray 6875 4860+ rt 1.625 1.1488 2%6 2.5625 1.8116 
3 750 5302+ 1% 1.6875 I.1930+ 2% 2.625 1.8558-+ 
ub 8125 5744+ ri 1.750 1.2372-+ 2tt 2.6875 T.9000-F 
t 875 6186+ rt 1.8125 r.2814+ 2} 2.750 1.9442-+> 
it 9375 6628+ tf 1.875 1.3256 2 tt 2.8125 1.9884+ 
, ad ear rit 1.9375 1.3608+ 24 2.875 2.0326+ 
é pas 2 2.9375 2.0768 
Multiply diameter of 3 3.000 2.121 
stock by the constant .707 
Example ? in.=.750X .707 = .53025 
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TABLE 8.—WHOLE AND FRACTIONAL INCHES REDUCED TO DECIMALS 
or A Foot 
Ins. | Ft. [Ins| Ft. | Ins] Ft. || Ins| Ft. [| Ins| Fe. | Ins.| Ft. 
0 .0000 lg .1667 |l4 3333 ||6 .5000 8 .6667 ||10 -8333 
lg | .0026 -1693 3359 5026 6693 8359 
Me |.0052 | 1719 3385 5052 6719 -8385 
342 |.0078 .1745 3411 .5078 +0745 (eaee 
1g _or04 |] $6 |.r772 | % |.3438 || 46 |.s104 || 6 |.6772 || 76 |-8438 
542 | .0130 .1797 3464 -5130 6797 -8464 
36 |.0156 .1823 .3490 25156 -6823 .8490 
2 .0182 .1849 .3516 .5182 -6849 -8516 
\% .0208 || 34 |.1875 || 4 |.3542 || 4 |.5208 || 4 |.6875 || A |-8542 
%o .0234 .IQOL -3568 +5234 6901 8568 
5{6 | .0260 .1927 3594 -5200 6927 +8594 
1442 |.0286 1953 3620 5286 .6953 | 8620 
34 .0313 || 36 |.19079 || 38 |.3646 || 38 |.5313 || 36 |.6979 |] 38 |.8646 
1342 | .0339 .2005 ES OTe) +5339 -7005 8672 
6 .0365 «2031 -3698 -5305 - 7031 -8608 
154 | .0391 .2057 3724 -5391 -7057 -8724 
44 .0417 || 14 |.2083 || 16 |.3750 || 4% |.5427 || 4 |.7083 || 34 |.8750 
1%2 | .0443 .2109 3776 5443 .7109 .8776 
%{6 |.0460 .2135 3802 5469 ites) -8802 
199 | .0495 .2061 3828 .5495 . 7161 -8828 
56 .0521 || 56 |.2188 |] 58 |.3854 || 58 |.5521 || 56 |.7188 || 58 |.8854 
21g. | 0547 .2214 3880 8547 7214 .8880 
46 |.0573 || .2240 .3906 -5573 .7240 .8906 
2362 | .0599 .2266 -3932 -5599 . 7266 .8932 
34 .0625 || 34 |.2202 |] 34 |.3058 || 34 |.5625 || 34 |.7202 || 34 |.8058 
2562 |.0651 .2318 3984 .5051 .7318 -8984 
1346 |.0677 .2344 -4010 .5677 -7344 +9010 
2749 | .0703 .2370 . 4036 .5703 .7370 -9036 
% -0726 || 78 |.2306 || 76 |.4063 || % |.5729 || % |.7396 || 7&8 |.9063 
2980 1.0755 .2422 - 4089 5755 .7422 .9089 
1${6 |.078r .2448 -4T15 .5781 7448 -OII5 
8449 | 0807 .2474 4141 .5807 7474, -OI4I 
I -0833 13 +2500 ||5 -4167 |!7 5833 Ilo .7500 ||II |.9167 
342 | .0850 .2526 .4193 .5859 -7526 .9193 
Hie | .0885 -2552 4219 5885 7552 .9219 
$62 | .091T 2578 4245 U5OLE 7578 9245 
% -0938 || 78 |.2604 || }6 |.4271 || 4% |.5938 || 36 |.7604 || 14 |.0271 
542 | .0064 2630 4297 5964 .7630 .9207 
3{8 |.0990 -2656 -4323 -5990 -7656 -9323 
1s . 1016 .2682 -4349 .6016 . 7682 -9349 
Ze -1042 || 4 |.2708 || 14 |.4375 || 14 |.6042 || 4 |.7708 || 4 |.0375 
%e . 1068 .2734, -4401 -6068 -7734 .9401 
ze . 1094 .2760 -4427 -6004 .7760 -9427 
yo | 1120 .2786 4453 6120 7786 0453 
a -1146 || 98 |.2813 || 38 |.4479 || 36 |.6146 || 36 |.7813 || 36 |.0470 
el 2 2839 -4505 6172 - 7839 .9505 
tf 
ue 1198 2865 +4531 6108 . 7865 .9531 
92 | .1224 ps2 898 4557 6224 7801 9557 
me -1250 || 72 |.2017 || 34 |.4583 |] $2 |.6250 || 44 |.7017 || 4 |.0583 
ale 1276 2943 4609 6276 7943 -9609 
6 |:1302 -2909 4635 .6302 .7969 .0635 
1 h 
Ay ot328 +2095 4661 6328 7995 .0661 
a ‘1354 || 96 |.3021 | 56 |.4688 || 56° |.6354 || 56 |.802r || 54 |.0688 
ie -1380 -3047 4714 .6380 .8047 9714 
ho, ae 3073 -4740 6406 .8073 .97.40 
2 . 
kes -3099 +4766 6432 .8090 9766 
vA e: 
M  |-1458 || 94 |.31a5 |] $4 |.4702 | 4 |.6458 || 34 |.8ra5 |] 34 | 0702 
ae -1484 »3I51 4818 6484 .8r5r .9818 
e 6 |.I5I0 «3177 4844, -6510 Ong 084 
2 |.1536 .3203 | 8 pore 
% | .1563 || % a a Ee eees -9870 
US -3229 || 78 |.4806 || 76 |.6563 |] 76 |.8220 || 74 | .0806 
2 
ig 15890 +3255 .4922 .6580 8255 9922 
546 1615 -3281 : 
2g “6 -4948 6615 .8281 .9948 
-TO4T -3307 +4974 6641 


a 


TABLE 9.—LENcTHS OF CIRCULAR ARCS 


a. 


From Kent’s Mechanical Engineers’ Pocket Book 


(Diameter=1. Given the Chord and Height of the Arc.) 


Rue For USE OF THE TaBLE.—Divide the height by the chord. Di 
in the column of heights the number equal to this quotient. Take out t 


corresponding number from the column of lengths. 


ber by the length of the given chord; the product will be length of the arc. 

If the arc is greater than a semicircle, first find the diameter from the formula, 
Diam. = (square of half chord + rise) + rise; the formula is true whether 
Then find the circumference. 


the arc exceeds a semicircle or not. 
diameter subtract the given height of arc, the remainder will be height of the - 


smaller arc of the circle; find its length according to the rule, and subtract it 
from the circumference. 


Multiply this last num- 


From the 


Hets. | Leths. ||Hgts.| Leths. ||Hets.| Leths. || Hets.| Lgths. || Hgts.| Leths. 


oor |1.00002!|. 
005 |I.00007 
.OI |I.00027 
.O15 |I.00061 
.02 |I.00107 
025 |1.00167 
.03 |I.00240 
.035 |I.00327 
.04 |I.00426)| 
.045 aa || 
-05 |r.00665 
.055 |1.00805 
06 |r.00957 | 
.065 |I.0r123 
07. |I.01302 
.075 |I.01493) 
.08 |r.01698 
085 |I.01916)). 
.09 |I.02146 
-095 |1.02389) 
IO |1.02646 
T02 |I.02752||. 
I04 |1.02860 
106 |I.02970 |. 
To8 /1.03082!|. 
| 
Ir |T.03196)|. 
II2 jI.03312)|. 
II4 |1.03430 
II6 |I.03551 
118 |1.03672)]. 
12 |1.03797 
122 |1.03023 | 
124 |I.04051 
126 r.04181)|. 
128 Lee 
+13) |I.04447}). 
I32 |1.04584 
134 |I.04722)). 
-136 |1.04862)). 
+138 |1.05003 
-I4 |1.05147||. 
142 |1.05203)]. 
144 |T.05441\|. 
-146 |I.05501 
-148 [1.05743 


15 


LESS 
eA 
-156 
-158 


-16 

.162 
.164 
.166 
.168 


EF 

ey 3 
-174 
.176 
.178 


.18 
.182 


184 


.186 
.188 


1.05896||.238 
I.06051)|.24 
Seve | 
1 .06368]).244 
I .06530)|.246 
I .06693)|.248 
1.06858|| .25 
1.07025||.252 
1.07194)| .254 
ee ea 
1.07537|| -258 
I.07711||.26 
1.07888 .262 
1.08066 | .264 
1.08246 | .266 

| ' 
1.08428 .268 
I.O8611)||.27 
1.08797 |.272 
1.08984 )| .274 
I otra 276 

| 

i} 
1.09365, .278 
1.09557 | .28 
I .09752,/.282 


1.09949 |. 284 
1.10147 | .286 
I.10347)|.288 
1.10548) .29 

1.10752 292 
1.10958 | .204 
I. 11165||.206 
I. 11374)/.298 
I, 11584 .30 

I.11796,)| .302 
I. I2011||.304 
I, 12225 ||.306 

i| 

1.12444 | .308 
1.12664!) .31 

I. 12885) | 312 
1. 13108}| .314 
1.13331||.316 

} 

2 giseal axe 
|1.13785)|.32 

I. I4015'| .322 
rraaa| 3 


1.14480!|.326 
1.14714 |.328 
T.14951)|-33 

I.15189);.332 
1.15428|| .334 
| 
: 
| 
| 


-336 
-338 
-34 

-342 
-344 


I.15670 
I.I5912 
I.16156/| 
1.16402 | 
1.16650 


1.16899 
1.17150 
I .17403)| 
1.17657 
I.I79I2 


1.18169 
1.18429 . 
1.18689. 
1.18951 
1.19214 


1.19479 
1.19746 
1.20014 
I 
I 


.20284)| 
.20555 


1.20827 |.376 
1.21102) 
1.21377 
I. 21654 
I 


|.302 
+23349)| .394 
| 
- 23636 |.306 
-23926)/.398 
.24216)|.40 
et 
-24801)| .404 


~~ 


.406 
.408 
-4I 

-412 


1.25005 
£:25301|| 
1.25689) 
25988 


1 .26288||.414 
1.26588) .416 
1.26892) .418 
1.27196); .42 

I .27502||.422 


1.27810)|.424 
I.28188|| .426 
1.28428 |.428 
1 .28739)/.43 

peg ce 
1.29366, .434 
I.20681)| .436 
1.29997) .438 
1.30315 |.44 

| I .30634)| .442 

i 

|x.30854 44 
epee le 
jt-31599 .448 
)1.31923)).45 

1.32249 |.452 


I .32577)|.454 
I .32905)| .456 
|I.33234)|.458 
|i .33564)|.46 

x. 33898] 408 

| 

I .34220) .464 
1.34563) .466 
1.34809 |. 468 
1 .35237||.47 

I.35575||.472 


I.35914)|.474 
I.36254)'.47 
1.36596 |.478 
I .36039)|.48 
1.37283)|.482 


1.37628 
1.37974||.486 
1.38322||.488 
1.38671/|.49 
des ae 


-484 


I.39372||.404 
ir.39724 |.406 
|F-40077|| 498 
Memes Fs 
| 


1.40788 
L.41145 
1.41503 
1.41865 
1.42225 


t.42583 
1.42945 
1.43309 
1.43673 
1.44039 


1.44405 
1.44773 
T.45142 
I.45512 
1.45883 


1.46255 
1.46628 
I.47002 
1.47377 
1.47753 


1.48131 
1.48509 
1.488890 
1.49269 
1.49651 


1.50033 
1.50416 
1.50800 
I.51r85 
I.§1571 


1.519058 
1.52346 
1.52736 
1.53126 
I.53518 


T.53910 
1.54302 
1.54606 
I .5500r 
1.55487 


1.55854 
/1.56282 

1.56681 
|I.57080 


MATHEMATICAL TABLES 


525 
TABLE 1t0.—CuUTTING SPEEDS AND REVOLUTIONS PER MINUTE 
By the Cincinnati Gear Cutting Machine Company 
Ft. per min. | rs |17.5| 20 |22.sl<as" ig7-5-30) boas uieae leas | oxo | sg! |, 6021.65 | 70 4) 75 | 80 | 90 | 100 110 | 120 | 130 | 140 | 150 
Diam. : : Revolutions. per minute 
Mo jor7 1070|1222|1375|1528|1681|1883 2139 |2445 |2750 |3056 |3361 |3667 |3073 |4278 |4584 |4880 
Vg 458 |535 |611 |688 |764 |840 jor7 |1070 |1222 |1375 |1528 |1681r |1833 |1986 |2139 |2202 |2445 |2750 |3056 |336r 3667 13973 |4278 |4584 
; 316 306 1357 |407 |458 |500 |560 |61r {713 |8t5 |or7 |r1019 |1120 |1222 1324 |1426 |1528 |1630 |1833 |2037 |224r 2445 |2648 |2852 |3056 
4 229 |267 |306 |344 |382 |420 |458 |535 |611 |688 |764 |840 |o1r7 |903 |1070 1146 |1222 |1375 |1528 |1681r |1833 |1986 |2139 |2202 
He 183 |214 |244 |275 |306 |336 |367 |428 |480 |sso |61x |672 733 |794 |856 jor7 |o78 |1100 |r222 |r345 |1467 |1580 |1711 1833 
% 153 |178 |204 |229 255 |280 306 |357 |407 |458 |509 |s60 |6rr |662 1713 |764 |8ts |o17 |1019 !r120 |1222 |1324 |1426 |1528 
Ys I3I |153 |175 {196 |218 |240 |262 |306 |349 |303 |437. |480 |524 |568 |61r [655 |608 |786 |873 |960 j|1048 |1135 |1222 |1310 
ve IIS |134 |153 |172 |19r [210 |229 |267 |306 |344 |382 |420 |458 |407 |535 |573 |611 |688 |764 |840 |or7 |o93 |1070 |1146 
56 OI.7/107 |122 |138 |153 |168 |183 |214 |244 |275 |306 |336 |367 |307 |428 |458 |489 |sso |61r |672 |733 |704 |856 lor7 
34 76.4/89.1|102 |tr5 |127 |140 |153 |178 |204 |229 |2s55 |280 |306 |331 |357 |382 407 |458 |509 |560 |61r |662 |713 1/764 
7g 65 .5/76.4)87.3|98.2/109 |120 |13r {153 |175 |196 |218 |240 |262 |284 306 327 1349 |393 1437 |480 |524 |568 |61r |655 
I 57 -3|66.8)76.4/85 .9]05.5|105 |tIS |134 |I53 |172 |I9r |210 |229 |248 |267 |287 |306 |344 |382 |420 |458 |407 |s35 |573 
rg 50.9/59.4/67.9/76.4/84.9/93.4)102 |II9 |136 |153 |170 |187 |204 |22r |238 |255 |272 |306 |340 |373 |407 |441 |475 |s500 
rh4 45 .8/53.5/61.1/68.8/76.4)84.0) 91.7|/107 |122 |138 |153 |168 |183 |199 |2t4 |229 |244 |275 |306 1336 |367 |307 428 |458 
138 41.7/48 6/55 .6/62.5/69.5|76.4| 83.3] 97.2/111 |125 |139 |153 |167 |18r |194 |208 |222 |250 |278 |306 |333 |36r 389 (417 
1h6 38 .2/44.6|/50.9/57.3/63.7|70.0| 76.4] 89.1|102 II5 127 140 |153 166 /|178 IOI |204 |229 |255 |280 |306 |331 1357 |382 
1958 35 -3|41.1|47 .0)52.9/58.8/64.6] 70.5] 82.3] 94.0/106 |118 |129 |r4zr |153 |165 |176 |188 |ar2. |235 |259° |282 1306 |329 1353 
134 32.7/38.2/43.7|49.1|54.6/60.0] 65.5] 76.4] 87.3] 98.2)109 |120 |13r |142 |153 |164 |175 |196 |218 |240 |262 284 |306 (327 
1% 30.6/35.7/40.7/45 .8|50.9|56.0) 61.1] 71.3) 81.5] 91.7|/102 |r1z12 |r22 |132 |143  |r153 |163 |183 |204 |224 |244 |265 |285 |306 
2 28 . 7/33 .4/38 . 2/43 .0|47.7|52.5| 57.3] 66.8! 76.4] 85.9] 95.5/105 |z15 |124 |134 143 |r53  |172 |19z |210 |220 248 |267 |287 
2h4 25 -5/29.7/34.0/38.2|42.4/46.7| 50.9] 59.4] 67.9] 76.4) 84.9] 93.4|102 |110 |119 {127 |136 |153 |170 |187 |204. |221 |238 |2s55 
244 22 .9/26.7|30.6134.4/38.2/42.0) 45.8] 53.5] 61.1] 68.8] 76.4] 84.0] 91.7] 99.3|107 |1I5 |122 {138 |153 |168 |183 |199 |2r4 |229 
234 20.8/24.3/27 .8/31 .3|34.7/38.2] 41.7] 48.6] 55.6) 62.5] 69.5] 76.4] 83.3] 90.3] 97.2/104 |111 |125 |139 |153 |167 |r8r |104 |208 
3 I9.1/22.3/25.5|28.6 31.8/35.0 38.2] 44.6] 50.9] 57.3] 63.7| 70.0] 76.4] 82.8] 89.1] 95.5|102 |x15 |127 |r40 |153 |166 |178 |ror 
3% 17 .6|/20.6/23 .5|26.4/29.4/32.3] 35.3] 41.1] 47.0] 52.9] 58.8] 64.6] 70.5] 76.4] 82.3] 88.2] 94.0\106 |118 |129 |r14t |153 |165 {176 
348 16 .4|19.1/21.8|24.5|27.3|/30.0] 32.7] 38.2] 43.7] 49.1] 54.6] 60.0] 65.5] 70.9] 76.4] 81.9] 87.3] 98.2|/109 |120 |13x |r42 |x53 |164 
334 I5 .3|/17.8|20.4/22.9)25.5|28.0] 30.6] 35.7} 40.7] 45.8] 50.9] 56.0] 61.1] 66.2] 71.3] 76.4] 81.5]-91.7|102 |112 |122 |132 |143 |153 
4 14.3|16.7/19.1/21.5/23.9/26.3] 28.7] 33.4] 38.2] 43.0|-47.7| 52.5| 57.3] 62.1] 66.8] 71.6] 76.4| 85:0] 95.5|/105 |II5 |124 |134 |143 
433 I2.7/14.9|17.0|19.1|21.2|23.3] 25.5] 29.7] 34.0) 38.2] 42.4] 46.7] 50.9] 55.2] 50.4] 63.6] 67.9] 76.4] 84.9] 93.4/102 |110 |1I9 {127 
5 II .5|13.4/15.3/17.2|/19.1/21.0] 22.9] 26.7} 30.6] 34.4] 38.2] 42.0] 45.8] 40.7] 53.5} 57.3] 61.1] 68.8] 76.4] 84.0] 91.7] 99.3}107. |II5 
516 10.4/12.2|13.9/15.6 17.4|19.1 20.8) 24.3) 27.8) 31.3] 34.7) 38.2] 41.7) 45.2) 48.6) 52.1] 55.6| 62.5) 69.5] 76.4) 83.3] 90.3/-97.2|z04 
6 9.5/II.1/12.7/14.3/15.9|17-5| 19.1] 22.3] 25.5] 28.6) 31.8) 35.0] 38.2] 41.4] 44.6) 47.8] 50.9] 57.3] 63.7| 70.0] 76.4] 82.8] 89.1] 95.5 
642 8.8|10.3/11.8/13.2/14.7/16.2|] 17.6] 20.6) 23.5] 26.4] 29.4] 32.3] 35.3] 38.2] 41.1] 44.1] 47.0] 52.9] 58.8] 64.6] 70.5] 76.4] 82.3] 88.2 
V3 8.2| 9.5|10.9/12.3]/13.6|15.0] 16.4] 19.1] 21.8] 24.5] 27.3] 30.0] 32.7] 35.5] 38.2] 40.9] 43.7] 49.1] 54.6] 60.0] 65.5] 70.9] 76.4] 81.9 
7% 7.6| 8.9|10.2/11.5/12.7|/14.0] 15.3] 17.8] 20.4] 22.0] 25.5] 28.0| 30.6] 33.1] 35.7] 38.2] 40.7| 45.8] 50.9] 56.0] 62.1] 66-2] 71.3] 76.4 
; 8 7.2| 8.41 9.5 10.7|11.9|13.1 14.3] 16.7] 19.1] 21.5] 23.9] 26.3] 28.7] 31.0| 33.4) 35.8] 38.2] 43.0] 47.7| 52.5] 57.3] 62.1, 66.8] 71.6 
843 6.7| 7-9] 9-.0|10.1/1r.2/12.4|] 13.5) 15.7] 18.0} 20.2! 22.5) 24.7| 27.0] 29.2] 31.5] 33.7] 36.0] 40.4] 44.9] 49.4] 53.9] 58.4] 62.9] 67.4 
9 6.4] 7.4] 8.5] 9.5|10.6|11.7| 12.7| 14.9] 17.0] 19.1] 21.2] 23.3] 25.5] 27.6] 20.7] 31.8] 34.0] 38.2] 42.41 46.7] 50.9] 55.2] 59.4) 63.6 
945 GlOle7 sol SO Otro, eho t) D2. ch 04.0) 405) 08.1 20.0) 220) O40) 26en) 28'.2)-30.2) 322) 36221 40.2) 44.2) 48.3) 5223/6 56..3) 60.3 
Io 5-7| 6.7) 7.6] 8.6] 9.5/10.5| I1.5} 13.4] 15.3] 17.2] 19.1] 21.0] 22.9] 24.8] 26.7] 28.7] 30.6} 34.4] 38.2] 42.0] 45.8] 49:7] 53.5] 57-3 . 
II 5.2] 6.1| 6.0} 7.8| 8.7| 9.5| 10.4} 12.2] 13.9] 15.6]-17.4] 49.1| 20.8] 22.6] 24.3) 26.0] 27-8] 31.3] 34-7| 38.2] 41.7] 45.1) 48.6) 52.1 
12 4.8} 5.6] 6.4] 7.2] 8-0} 8.8] 9.5] TE.1| 12.7] 14.3] 15.9] 17.5t 9.1} 20.7| 22.3! 23.9] 25.5] 28.6) 31.8] 35.0) 38.2] 41.4] 44.6), 47.8 
13 4.4) 5-1] 5.9} 6.6] 7.3) 8.1} 8.8} 10.3] 11.8] 13.2) 14.7] 16.2) 17.6} 19.1) 20.6] 22,0} 23.5] 26.4] 29.4] 32.3] 35.3 38.2 41.1] 44.1 
I4 4.1| 4.8] 5.5| 6.1] 6.8] 7.5| 8.2] -9.5] 10.9] 12.3] 13.6] 35.0] 16.4) 17-7] T9.1] 20.5] 21.8] 24.5) 27.3] 30.0]°32.7/.3525| 38.2) 40.9 
15 SoSeAaSS 2) Siew) OrAle7sO 7-6648.0] 10.2) 10.5), 52.7) 4.0; 15,3) 16.6) 17.8) LO,2| 20.4! 22.9) 25.5 28.0) 30.6] 33 21/35 .71) 38.2 
| 
16 3. 6|.As2\| 4-5) 54) O.0),0-6) 7.2) 8.4] 9.5) 10.7) T1.0) 13.1] 14.3) 15.5 06.7] ,.47,9| TOCE 22.5] 23.0) 26).3) 28.7) 3050) 33.41) 35.8 
17 3-4| 3-9| 4.5| 5-1] 5.6] 6.2) 6.7] 7.9] 9.0] IO.1] 11.2] 12.4] 13.5] 14.6) 15.7) 16.9] 18.0) 20.2] 22.5) 24.7] 27.0) 29.2) 31.5) 33-7 
18 3-2| 3.7] 4.2] 4.8] 5.3] 5.8] 6.4) 7.4) 8.5] 9.5) 10.6) 11.7) 12.7) 13.8) 14.9) 15.9) 17.0) 19.1] 21.2) 23.3) 25.5 27.26] 20.7) 31.8 
ES ie est 20) 12255) 25127 55\n 30 35 40 45 50 55 60 65 70 75 80 90 poo | rro | i720 |z30.,| E40 } r50 
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TABLE 11.—DECIMAL EQUIVALENTS OF PRIME NuMBER FRACTIONS 
Denominators (Prime Numbers Only) 


[or | > | #31791 7317 | o7 | 6 [ so | sa | a7 | a3 | «x | a7 | x | 9 23 | | ve Pea 

r |,0103|.or12|.0120| .0126|.0137|.0141|.0149] .0164| .0169) 0189) .0213] .0233] .0244) .0270 .0323| .0345| .0435) .0526) .0588/ .0769) .0909) .1429) .2000) . 
3 | .0309| .0337| .0361| .0380| .o4rr| .0423| .0448) .0492| .0508] .0566] .0638) .0698| .0732| .0811| .0968) . 1034) .1304) . 1579 -1765| .2308} .2727| .4286) .6000 
5 |.o515|.0562|.0602| .0633| .0685| .0704] .0746| .0820] .0847) .0943] .1064| . 1163} .1220] .1351 . 1613] .1724| .2174] .2632] .2941| .3846).4545) .7143 

Vf 

I 


.0722| .0787| .0843] .0886] .0959] .0986| .1045|.1148/ . 1186) .1321 .1489| .1628] .1707| .1892) .2258| .2414| .3043 -3684) .4118) .5385] .6364 
.1134| .1236] .1325|.1392] .1507| .1540|.1642) . 1803 .1864| .2075| .2340| .2558| .2683) .2973] .3548| .3793 -4783] .5789| .6471) .8462 


13 |.1340|.1461].1566].1646].1781].1831).1940/.2131| .2203).2453 .2766| .3023] .3171| .3514|.4194| .4483) .5652| .6842| .7647 
17 |.1753|.1910].2048] . 2152) .2320] .2394] .2537 .2787| .2881| .3208] .3617] .3953] .4146| .4595| .5484 +5862) .7391| .8947 

19 |.1959| .2135| .2289| .2405| .2603] . 2676] .2836] .3115| .3220| .3585| .4043) .4419 -4634| .5135| 6129] .6552) .8261 

23 |.2371|.2584|.2771|.2911|.3151| .3299| .3433] -3770 - 3898] .4340] .48094| .5349|.5610] .6216) .7419| .7931 
29 |.2990| .3258| .3494| .3671| .3973| .4085] .4328] .4754] .4915| .5472| .6170| .6744] . 7073] .7838) .9355 


31 |.3196|.3483] .3735| .3924| .4247] 4366] .4627] .5082] .5254| .5849| .6596|.7200| .7561| .8378 
-4157|.4458|.4684| .5068].5211|.5522|.6066| .6271| .6981) .7872| .8605) .9024 | 
41 |.4227|.4607|.4940|.5190| .5616] .5775] .6119| .6721| .6949] .7736| .8723] .9535 | 
43 |.4433].4831].5181|.5443] .5890] .6056) .6418] . 7040] .7288] . 8113) .O149 | 
} 
: 
i 


47 |.4845| .5281| .5663] .5949] .6438] .6620) .7015| .7705| .7966| .8868 


53 |.5464] .5955| .6386| .6700] .7260] .7465] .7910)| . 8689} .8983 : 
59 |.6082| .6620] .7108] .7468) .8082| .8310| .8806] .9672 | 
61 | .6289] .6854].7349].7722| .8356] .8592| .9104 
67 | .6907] .7528] .8072] .8481| .9178] .9437 
7I |.7320| .7978) .8554| .8987| .9726 


Numerators (Prime Numbers Only) 
w 
N 
a) 
ron) 
Load 
-£ 


Only those common fractions having prime 
numbers for both the numerator and denomi- 
nator are given in this table. Others can be 
found by simple multiplication or division as: 


73 |.7526) .8202| .8795|.9241 


79 |.8144|.8876|.9518 4941 =H X2Hi1 = 2X .3239= .6478 
83 |.8557] .9326 1363 =}4X1341 = .4194+3= .1398 
89 |.9175 
Deg. | Length | Deg. | Length! Deg. | Length| Min. | Length 
; 27 4712 87 1.5184 147 2.5656 27 .0079 
28 4887 88 1.5359 148 2.5831 28 .0o8r 
20 5061 89 1.5533 149 2.6005 29 .0084 
30 5236 90 1.5708 150 2.6180 30 .0087 
31 5411 91 1.5882 I5r 2.6354 31 -0090 
TABLE 12.—LENGTHS OF CIRCULAR Arcs To Rapius oF 1 IN. 32 -5585 92 1.6057 1§2 | 2.6529 32 +0093 
ne Deg. | Length | Deg. | Length Deg. | Length Min. | Length * ale a yp ue ata “te pe 
at -O175 6r 1.0647 I2I Pere ts I .0003 35 -6109 Os 1.6581 Iss 2.7052 35 .O102 
2 +0349 62 I.0821 I22 2.1203 2 .0006 36 -6283 06 1.6755 156 2.7227 36 0105 
3 +0524 63 I.0996 123 2.1468 3 0009 37 -6458 97 I.6930 157 2.7402 37 oro8s 
4 06908 64 I.II70 I24 2.1642 4 -0012 38 -6632 98 1.7104 158 2.7576 38 Ortz 
5 +0873 65 1.1345 125 | 2.1817 5 -0015 39 -6807 99 1.7279 159 2.775% 39 Lorr3 
6 -1047 66 I.I519 126 2.1901 6 - 0017 40 6981 100 1.7453 160 pape ° 0x36 
7 ail222) 67 I.1604 127 2.2166 7 .0020 41 -7156 Ior 1.7628 r6r 2.8100 ves ot 
: a ee 1.1868 128 2.2340 8 -0023 42 +7330 102 2.7809 162 2.8274 ns peo 
O 1.2043 129 2.2515 9 -0026 -750 
Io -1745 70 1.2257, 130 2.26090 10 +0029 rh aes ie She PH: eee oe a 
II +1920 As 1.2392 I3T 2.2864 Ir +0032 45 -7854 105 1.8396 = a ee pm: 
12 +2004 72 1.2566 132 | 2.3038 12 +0035 46 -80290 | 106 1.8500 166 on os pep 
13 +2269 63 1.2741 133 2.3132 13 - 0038 47 -8203 107 1.8675 167 * om pe 
i “ee i 1.2015 I34 2.3387 14 0041 ~ 48 .8378 ros ¥, 88se 168 nipesech PH pes. 
a I.3090 I 2.356 ; 
16 +2793 76 1.3265 a aac i cy = ne ne se zm pa pd pe 
17 .2967 ” ap 5 : -9671 50 -O145 
6 | ‘oman | 38 [rassa| sas [acgons| se | loose || $2 | S30] tr | xoarg] ame [acts] sx | onas 
19 +3316 79 1.3788 139 2.4260 19 0055 53 ak ce eS a LORD = pe 
20 +3491 80 I.3963 I40 2.4435 20 Ones aa 9 2 II3 I.9722 173 3.0104 53 .O154 
21 -3665 81 1.4137 I4I_ | 2.4609 21 - 0061 55 Shite ve a: Bgl ieee 2 in pre: 
22 -3840 82 1.4312 142 2.4784 22 -0064 56 ane Fe pig — vues = a 
23 +4014 83 1.4486 143 2.4958 23 . 0067 57 at hs ifr aes pipes a ba 
24 +4189 84 1.4661 144 2.5133 24 .0070 58 aoe rub ee wil panda: ee See 
25 +4363 85 1.4835 I45 | 2.5307 25 0073 ee aks ener pba poeta - — 
26 -4538 | 86 | t.s010| 146 | 2.548a| 26 0076 ae | rene | Eno PS. Seo 7h: 249.5) Seeman 0172 
a I. rr | ° 1.0472 | 120 | 2.0044 180 | 3.1416 60 -O175 


1 ale of mixed numbers not found in Table 13 are most Squares of binary fractions will be found in Table 22 and decimal 
ony ently computed by remembering that (a+b)?=a?+2ab+b2, equivalents in Table 16 which will greatly facilitate the process 
at Is to say, add the square of the whole number, the square of f 


the fraction and twice the product of the whole number and fraction. pueinb lS honed Cheats 2798 


Square Gf af... 1. can nee 729.0000 
equare Of yp... i...cdeu on ee . 0039 
twice the product of 27 and is 

m2 X87 X.06208 c.cccinee ee ee 3-375 


square of 27+ 732-3789 


Added sixty-fourths 


Z 
° 
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TABLE I3.—SQUARES OF Mixrp NuMBERS 
(W. L. and R. E. Tyron, Amer. Mach., Dec. 23, 1999) 
° Oy 2 3 4 ies 6 ‘7h a 
. 000000 “ I.00000 4.00000 9.00000 16.00000 25.00000 36.00000 49.00000 
000244 I.03149 4.06274 9.09399 16.12524 25.15649 36.18774 49.21899 
- 000977 1.06348 4.12598 9.18848 16.25008 25.31348 36.37598 49.43848 
- 002197 T.009595 “4.18970 9.28345 16.37720 25.47095 36.56470 49.65845 
003906 I.128901 4.25391 9.37801 16.50301 25.62801 36.75301 49.878014 
006104 1.16235 4.31860 9.47485 16.63110 25.78735 36.94360 50.00085 
-008789 I.19629 4.38379 9.57129 16.75879 25.94629 37+13379 §0.32129 
-O11963 1.23071 4.44946 9.66821 16.88606 26,10571 37.32446 50.54321 
-015625 1.26563 4.51563 9.76563 I7.01563 26.26563 37.51563 50.76563 
-O190775 I. 30103 4.58228 9.86353 I7.14478 26.42603 37.70728 50.98853 
-024414 I.33601 4.64041 9.96101 I7.27441 26.586901 37.89041 51.211901 
+020541 1.37329 4.71704 10.06079 17.40454 26.74829 38. 00204 51.43579 
-035156 I.41016 4.78516 I0. 16016 I7.53516 26.91016 38.28516 51.66016 
041260 I.44751 4.85376 IO, 26001 17.66626 27,.07251 38.47876 51.88501 
+047852 1.48535 4.92285 I0.36035 17.79785 27 .23535 38.67285 52.11035 
054932 1.52368 4.99243 10.46118 I7.92993 27.39868 38. 86743 §2.33618 
062500 I.56250 5.06250 I0.56250 18.06250 27.56250 39.06250 52.56250 
070557 1.60181 5.13306 I10.66431 I8.19556 27.72681 39.25806 52.78031 
| 079102 1.64160 5.20410 10. 76660 18.32910 27.89160 39.45410 53.01660 
| .088135 1.68188 5.27563 10.850938 18. 46313 28.05688 39.65063 53-24438 
097656 I.72266 5.34766 10.97266 18.59766 28.22266 39. 84766 53.47266 
. 107666 1.76302 5.42017 II.07642 18.73267 28.38802 40.04517 53.70142 
118164 1.80566 5.40316 Ir. 18066 18. 86816 28.55566 40.24316 53.93066 
peo sy a 1.84790 5.56665 II.28540 I9.00415 28.72200 40.44165 54.16040 
~140625 1.89063 5.64063 II. 39063 I9. 14063 28.89063 40.64063 54.39063 
-152588 1.93384 5.71509 II. 49634 I9.27759 29.05884 40.84009 54.62134 
. 165039 1.97754 5.79004 I1.60254 I9.41504 290.22754 41.04004 54.85254 
-177979 2.02173 5.86548 II.70923 I9.55298 20.30673 41.24048 55.08423 
191406 2.06641 5.94141 I1.81641 I9.690141 29.56641 4I.44141 55.31641 
- 205322 2.11157 6.01782 II.92407 I9.83032 29.736057 41.64282 55-54907 
219726 2.15723 6.00473 12.03223 I9.96073 29.90723 41.84473 55.78223 
- 234619 2.20337 6.17212 I2.14087 20.10062 30.07837 42.04712 56.01587 
250000 2.25000 6.25000 I2.25000 20.25000 30.25000 42.25000 56. 25000 
265869 2.29712 6.32837 12.35962 20.39087 30.42212 42.45337 56.48462 
. 282227 2.34473 6.40723 12.46073 20.53223 30.59473 42.65723 56.71073 
~299072 2.39282 6.48657 I2.58032 20.67407 30.76782 42.86157 56.95532 
+ 316406 2.44141 6.56641 I2.69141 I2.81641 30.94I141 43.06641 57.1914I 
+ 334229 2.49048 6.64673 12.80298 20.95923 31.11548 43.27173 57.42798 
»352539 2.54004 6.72754 I2.91504 21.10254 31.29004 43-47754 57.66504 
.371338 2.59009 6.80884 I3.02759 21.24634 31.46509 43 .68384 57-90259 
»390625 2.64063 6.89063 13.14063 21.39063 31.64063 43 .89063 58.14063 
«410400 2.69165 6.©7290 I3.25415 21.53540 31.81665 44.09790 58.37915 
430664 2.74316 7.05506 13.36816 21.68066 31.99316 44.30566 58.61816 
451416 2.79517 7.13892 I3.48267 21.82642 32.17017 44.51392 58.85 767 
«472656 2.84766 7.22266 3.59766 21.97266 32.34766 44.72266 59.00766 
-494385 2.90063 7.30688 TinVlSuS 22.11938 32.52563 44.93188 59.33813 
+ 516602 2.95410 7.39160 13.82910 22.26660 32.70410 45.14160 59.57910 
«539307 3.00806 7.476081 3.94556 22.41431 32.88306 45.35181 59.82056 
.562500 3.06250 7.56250 14.06250 22.56250 33.06250 45.56250 60.06250 
- 586182 3.11743 7.64868 I4.17993 22. 72118 33.24243 45.77368 60.30493 
.610352 3.17285 773535 14.29785 22.86035 33.42285 45.98535 60.54785 
.635010 3.22876 7.82251 4.41626 23.01001 33.60376 46.190751 60.79126 
.660156 3.28516 7.91016 I4.53516 23.16016 33.78516 46.41016 61.Q3516 
685791 3.34204 7.99829 14.65454 23.31079 33.96704 46.62329 61.27054 
.7II914 3.39941 8.08601 14.77441 23.46101 34. 14941 46.83601 61.5244E 
. 738526 3.45728 8.17603 14.89478 23.61353 34.33228 47. 05103 61.76978 
765625 3.51563 8.26563 I5.01563 23.76563 34.51563 47. 26563 62.01563 
793213 3.57446 8.35571 15. 13696 23.91821 34.69046 47.48071 62. 26196 
821289 3.63779 8.44629 I5.25879 24.07129 34.88379 47.69629 62.50879 
840854 3.69360 8.53735 15.38110 24.22485 35.06860 47.91235 62.75610 
8780906 3.75391 8.62801 I5.50391 24.37891 35. 25391 48. 12801 63.0039% 
-908447 3.81470 8.72005 I5.62720 24.53345 35.43970 48. 34595 63.25220 
938477 3.87598 8.81348 15.75008 24.68848 35.62508 48 .56348 63.50098 
.968994 3.93774 8.90649 15.87524 24. 84309 3502274 Benita’ pasate 
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TaBLE 13.—SQUARES OF MIXED Numpers—(Continued) 
(W. L. and R. E. Tyron, Amer. Mach., Dec. 23, 19°9-) 
No. | 8 9 10 II | 12 | 13 | 
(0) 64.0000 81.0000 100.0000 121.0000 144.0000 169.0000 196. 0000 aus cone 
ay 64.5010 81.5635 100.6260 121.6885 144.7510 169.8135 196.8760 225.9385 
16 65.0039 82.1280 LOL. 2539 122.3789 ~ 145.5039 170.6289 197.7539 226.8780 
* 65.5088 82.6063 101. 8838 123.0713 146.2588 171.4463 198 .6338 227.8213 
3 66.0156 83.2656 102.5156 123.7656 147.0156 172.2656 199.5156 228.7656 
iH 66.5244 83.8369 103.1494 124.4619 147.7744 173.0869 200.3904 229.7119 
67.0352 84.4102 103.7852 125.1602 148.5352 173.9102 201.2852 230.6602 
% Gi. S479 84.9854 104.4229 125.8604 149.2979 174.7354 202.1725 231.6104 
es 68.062 85.56 
5 a 5 2 5625 105.0625 126.5625 I50.0625 175.5625 203 .0625 232.5625 
- 5791 . 1416 105.7041 127.2666 150.8201 176.3916 203.9541 S 66 
16 69.0977 86.7227 106.3477 127.9727 ISI ete 33-51 
1 : +5977 177-2227 204-8477 23 2 
a 69.6182 87.3057 106.9932 128.6807 152.3682 178.0557 pid 
NG 70.1406 87.8906 6 de 205.7432 235.4307 
a | a polees +s e 107.6406 129.3906 153.1406 178.8906 } 206.6406 236.3906 
8 5 (o) “4775 108. 2900 130.1025 | 153-9150 ; J 
3 ts 71.1914 89.0664 108.0414 130.8164 i an pede: Bape: memes 
u zi 1 . 
bh | 32 71.7197 89.6572 . | | 2 238.3104 
x Sake ark aah aioe 155.4097 181.4072 209.3447 | 239.2822 
we 1 : 
Sale: 72.2500 90.2500 ILO. 2500 132.2500 6 . ) 
it 2 One 90.8447 110.9072 132.9607 = tas sei . ici 249. 2508 
cep || 6 2 157-0322 183 . 0947 211.1572 241.2 
od 73.3164 OI.4414 TIT. 5664 133.6914 157.8164 18. ‘s 
a) 73.8525 92.0400 TI2.2275 I 3-944 212.0664 : 242.1914 
34-4150 158.6025 184.790 z | 
8 6 4.7900 212.9775 2 6 
es 74.390 92.6406 112.8906 135.1406 159.3906 185.6406 ere 
32 74.9307 93.2432 113.5557 135.8682 160. 1807 5 48 213.8906 | 244.1406 
a 75-4727 93.8477 ose ene igor a 4932 | 214.8057 | 245.2182 
32 76.0166 04.4541 114.8916 ey ee ee 157-3477 215.7227 246.0977 
“7 188.2041 216.6416 247.0791 
7 76.5625 05.062 | 
: 3 +0025 II5.5625 138.0625 6 = ms 
8 en Beebe Weel oe Beem: 189.0625 217.5625 . 248.0625 
i 717.6602 06.2852 116.9102 130.5352 oe ee 189.9229 | 258.4855 |  s40-OKT9 
a 78.2119 96.8904 eiyieh6e ate seins 190.7852 219.4102 ) 250.0352 
2 pes 97-5156 118.2656 141.0156 ee $ page prior: | 254-0244 
é Fost Soa nies Sea ee oe 5 192.5156 221.2656 252.0156 
16 79.8789 98.7539 119.6289 142.5039 16 oe adie — . ast are 
% 80.4385 99.3760 120.3135 Re oe Oe Li 194. 2539 223.1289 254.0030 
No. 16 17 18 =e = ote ee 224 . 0635 255.0010 
19 20 Fam ee 
° 256.000 289.000 au 22 | 23 
: 324.000 361.000 ; 
u St Os 290.063 325.126 362.188 pene ibiccta AS ae 
is 258.004 201.129 326.25 6 : ACh as } 442.313 485.376 530.438 
32 259.00 eee 393.379 402.504 ; ah 530.43 
3 59. 009 202. 196 327.384 364.571 443-629 486.754 531.870 
a 260.016 293.266 328.516 165 166 peels: 444.946 488.134 533.321 
oy 261.024 204.337 Wayne eee teas pois 446. 266 480.516 534.766 
> 262.035 295.410 330.785 368. 160 ae spi aoe. |) Ee 
263.048 296.485 331.923 369.360 pe | pe hee ) peas | prlata 22 
; 408.79 450.235 > 5 
x 493.073 5390.1 
5 264.063 297.563 333.063 370.56 ae 
2 265.079 208.642 334.204 3 ee an = pegs 495.063 | 0.56 
as 266.008 209.723 Eetaak ens 7 411.320 © 452.892 pager . ae 3 
alee 267.118 300.806 336.403 ete pe 454.223 . 407.848 mand. 
YS Fa 268.141 : 413.868 detec -47 
qi 301.801 337.641 455.556 : 499. 243 e 
i) #B 260.165 375.391 415.141 : : morn 544.931 
8 302.978 338.790 456.801 500.6 
B . 270.101 304.066 330 Ave Aas 416.415 458. 228 502 eve ae 
> 271.220 305.1 ‘ Or 417.601 ne ae - 547.853 
a 57 ; | 459.566 : = 
5 341.005 379.032 418.070 pope | ieee 540.316 
» {2 ye) 304.545 550.782 
FS 72.250 306,250 342.2 | 
aa: 273.282 307.345 ce es 420.250 | 462.250 | 506 
= WN ptangeo 308.441 ee oa ae 421.532 463.505 | mages ange 
Le 275.353 ; : 382.601 | 422.816 | : 507.657 553.720 
309.540 345.728 22.81 464.041 06 
$ 276.301 : 383.015 2 509 . 066 555.101 
° 310.641 6.8 444. 203 466.200 ; 
oy 277.431 346.801 385.141 42 . 510.478 556.655 
311.743 25.3901 467.6 . 665 
4 278.473 ae ees 386. 368 426. 681 468 ies Sti. Oe 558.141 
u 279.517 313.954 cas 387.598 427.973 aot ph ate 550.638 
: . 388.820 2 : 514.723 561.008 
3 429.267 471.704 516.142 6 r 
280.563 315.063 351056 562.579 
Ea] 281.610 +593 390.063 430.56 - 
316.173 352.7 430.503 473.063 
# 282.660 ai ake +735 391.200 431.860 pe ges 517.563 564.063 
a 283.712 318.309 eer ee eee 433.160 eek hiiaeen 565.548 
H 284.766 355. 087 303.774 6 eee $20. 410 567.0. 
310.516 356.266 Shon 477.140 os 
Ey 285.821 Pane : 305.016 435.766 b 521.837 568.524 
320034 357.446 a 478.516 | 
Te 286.870 306.250 437.0 523.266 Soars 
8 321.754 358.620 7 479.884 ae 
287.038 397.504. 8 524.606 571 
938 | 322.876 | 350.813 | ao8.7sx__ | 439.688 481. 284 526 ee 
398,751 439.688 ab2.626 Mepin 573.004 
527.563 574.501 
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TaBLE 13.—SQuares or Mrxep Numpers—(Continued) 
(W.L. and R. E. Tryon, Amer. Mach., Dec. 23, 1900) 
ENG: 2h 35 - | 26 27 28 29 30 31 
{ {0} 576.000 625.000 676.000 729.000 784.000 841.000 900.000 961.000 
ieee 577.501 626.564 677.626 730.680 785.751 842.814 901.876 962.939 
5c 579.004 628.120 679.254 732.379 787.504 844.620 903.754 064.879 
aa 580.500 629.696 680.884 734.071 789,259 846.446 905 .634 966. 825 
1% 582.016 631.266 682.516 735.766 791.016 848 . 266 907.516 968 . 766 
a7 583.524 632.837 683.149 737.462 792.774 850, 087 909 . 309 970.712 
is 585.035 634.410 685.785 739.160 794.535 851.910 OIL. 286 972.660 
a 586.548 635.0985 687.423 740.860 796.208 853.735 913.173 974.610 
t 588.063 637.563 689.063 742.563 798.063 855.563 915.063 976.563 
33 589.579 639.142 690.704 744.267 799.829 857.392 916.954 978.517 
6 ts 591.008 640.723 692.348 745.973 801.598 850. 223 918.848 980.473 
‘3 Eri 592.618 642.306 603.993 747.681 803.368 861.056 920.743 982.431 
S 3 594.141 643.801 605.641 749.391 805.141 862.801 922.641 984.391 
3 at 595.665 645.478 697.290 751.103 806.015 864.728 924.540 986.353 
£ is 507.101 647.066 608.941 752.816 808.601 866.566 926.441 988.316 
a 33 598.720 648.657 700.5905 754.532 810.470 868.407 928.345 990.282 
y 3 600. 250 650.250 702.250 756.250 812.250 870.250 930.250 992.250 
2 Py] 601.782 651.845 703.907 757.970 814.032 872.095 932.157 904.220 
< ¥e 603.316 653.441 705.566 759.691 815.816 873.941 934.066 996.195 
% 604.853 655.040 707.228 761.415 817.603 875.790 935.978 998. 165 
§ 606.301 656.641 708.801 763.141 819.391 877.641 937.8901 1000. I4r 
at 607.931 658.243 710.556 764.868 821.181 879.493 939.806 1002. 118 
C3 609.473 659.848 912.223 766.508 822.073 881.348 941.723 1004. 008 
Fy 611.017 661.454 713.892 768.329 824.767 883.204 943.642 1006.079 
3 612.063 663.063 715.563 770.063 826.563 885.063 945.563 1008. 063 
Pra 614.110 664.673 717.235 771.798 828.360 886.923 947.486 IOIO. 048 
# 615.660 666.285 718.910 773-535 830.160 888.785 049.410 I0T2.035 
# 617.212 667.899 720.587 775.274 831.962 890.650 951.337 I0I4.024 
t 618.766 669.516 722.266 777.016 833.766 892.516 953.266 1016. 016 
8 620.321 671.134 723.946 778.759 835.571 894.384 955.1096 1018. 009 
3g 621.879 672.754 725.620 780.504 837.379 806.254 957.129 1020. 004 
#% 623.439 674.376 VOT aA 782.251 839.188 898.126 959.064 1022. 001 
No. | 32 | 33 34 35 36 37 38 39 
o. 1024.00 1089.00 1156.00 1225.00 1296.00 1369.00 1444.00 I521.00 
a 1026.00 1091.06 1158.13 1227.19 1298.25 E37 4.31 1446.38 1523.44 
vs 1028.00 1003.13 I160.25 1229.38 1300.50 £373.63 1448.75 1525.88 
a 1030.01 1095.20 1162.38 B23 0157) 1302.76 1375-95 1451.13 1528 .32 
3 1032.02 1097.27 1164.52 E2337) 1305.02 1378.27 1453.52 1530.77 
or 1034.02 | 1099.34 1166.65 | 1235.96 1307.27 1380.59 I455.90 1533.21 
Ye 1036.04 IIOI.41 1168.79 1238.16 1300.54 1382.91 1458.20 1535.66 
oa _ 1038.05 1103.49 I170.92 1240.36 1311.80 1385.24 1460.67 1538.11 
3 1040.06 II05.56 II73.06 1242.56 1314.06 1387.56 1463.06 1540.56 
oa 1042.08 II07.64 II75.20 1244.77 1316.33 1389.80 1465.45 1543.02 
Sc} 1044.10 1109.72 LETT «So 1246.07 1318.60 1392.22 1467.85 1545.47 
ry 1046.12 IIII.81 II79.49 1249.18 1320.87 1394.56 I470.24 1547.93 
s 3 1048.14 1113.89 T181.64 I251.39 1323.14 1396.80 1472.64 1550.39 
8 33 1050.17 III5.98 1183.79 1253.60 1325.42 1399. 23 1475.04 1552.85 
g is 1052.19 II18.07 1185.94 1255.82 1327 .69 I401.57 1477-44 1555.32 
> ae 1054.22 1120.16 1188.09 1258.03 1329.97 1403.91 1479.84 1557.78 
H 
Ba A 1056.25 I122.25 1190.25 1260.25 1332.25 1400.25 1482.2 1560.25 
rc ped 1058.28 1124.34 1192.41 1262.47 1334.53 1408.50 1484.66 1562.72 
3 %& 1060.32 1126.44 II94.57 1264.69 1336.82 1410.04 1487.07 1565.19 
aq | 4 1062.35 1128.54 1196.73 1266.91 1339.10 EAS 2 1489.48 1567 .67 
5 1064.39 1130.64 1198.89 1269.14 1341.39 I415.64 1497, 89 1570.14 
Pa 1066.43 1132.74 1201.06 1271.37 1343.68 1417.99 1494.31 1572.62 
HH 1068.47 1134.85 1203.22 1273.60 1345.97 1420.35 1496.72 1575.10 
2B 1070.52 1135.95 1205.39 1275.83 1348.27 1422.70 1499.14 1577.58 
2 1072.56 1139.06 1207.56 1278.06 1350.56 1425.06 I501.56 1580. 06 
# 1074.61 DIAD. 27 1209.74 1280.30 1352.86 1427.42 1503.90 1582.55 
a 1076.66 1143.20 I2I1.91 1282.54 1355.16 1429.79 1506.41 1585.04 
2 1078.71 II45.40 I214.09 1284.77 1357.40 1432.15 1508.84 1587.52 
4 1080.77 1147.52 1216.26 1287.02 1359.77 1434.52 ISI1.26 1590.02 
35 1082.82 I149.63 1218.45 1280. 26 1362.07 1436.88 I5I3.70 1592.51 
18 1084.88 II51.75 1220.63 1291 50 1364.38 1439.25 1516.13 TOO See 
a 1086.04 1153.88 1222.81 1293.75 1366.69 1441.63 518.56 LOO 2° oe 
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Added Eighths 
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TABLE 13.—SQUARES OF MIXED Numpers— (Continued) 
(W.L. and R. E. Tryon, Amer. Mach., Dec. 23, 1909) 
No. | 40 ] 4I 42 43 44 45 | 46 ) 47 
{0 1600.00 1681.00 1764.00 1849.00 1936.00 2025.00 2116.00 2209.00 
$ 1610. 02 1691.27 1774.52 1859.77 1947.02 2036.27 2127.52 2220.77 
t 1620.06 1701.56 1785.06 1870.56 1958.06 2047.56 2139.06 2232.56 
i 1630.14 1711.89 1795.64 1881.39 1969.14 2058.89 2150.64 2244 30 
z 1640.25 1722.25 1806.2 8 8 5 : 
5 1892.25 1980.25 2070.25 2162.25 2256.25 
§ 1650.39 1732.64 1816.80 1903.14 I991.39 2081.64 2173-89 PPPOE 
; Say 56 1743. 06 1827.56 1914.06 2002.56 2093 . 06 2185.56 2280.06 
| 1070.77 1753-52 1838.27 1925.02 2013.77 2104.52 2197-27 2292.02 
No. | 48 49 50 5I 52 53 | 54 | 55 
ro) 2304.00 2401.00 2500.00 2601.00 2704.00 8 . 
3 2316.02 2413.27 2512 6 pide x8 iden deh 3025.00 
512.52 2013-77 2717.02 2822.2 
cs 2328 . 06 2425.56 2525.06 2626.56 : hiss 3038.77 
2 ; 26.5 2730.06 2835.56 2943.06 0. 6 
Fj 2340.14 2437.89 2537.6 6 per 
37.04 2039.39 2743-14 2848 .89 2056.6 
2 2352.25 2450.25 2550.25 2652.25 2756 -04 3066.39 
A : : 750.25 2862.25 2970.25 08 
7 2364.39 2462.64 2562.89 2665.14 2769.39 2875.6. 8 PORES 
z 2376.56 2475.06 2575.50 2678.06 eae - = 2983 . 89 3094.14 
L 2388.77 ase eo Sag eae ne 9. 2997.56 3108.06 
a i : al 2 2775-77 2902.52 3011.27 3122.02 
o 5 57 58 5 
9 : 60 61 | 62 | = 
° 3136.00 3249.00 3364.00 81.00 a3 
3 3150.02 3263.27 3378.52 ies tas ae eg te aaa ee 3969.00 
i : 3495-77 3615.02 3736.27 8<9.<2 
3164.06 277.56 3859-5 3984.7 
3277-5 3393 . 06 3510.56 3630.06 : 
3 3178.14 3201.89 Bonin aie tga pots 3875.06 4000.56 
: 2 3700. 
ne aa 3306.25 3422.25 3540.25 3660.25 eee rine 4016.39 
" 3200.39 3320.64 3436.89 3555.14 Bea és 3906.25 4032.25 
i 3220.56 3335.06 6 7 3797-04 3921.89 4048.1 
1 3451.5 3570.06 3690.56 3813.06 4 4 
Seen 3349.52 3466.27 3585.02 3795-77 828.5 _ ise 
No. | 64 65 66 | 6 —= a a 
if 68 69 | 
° 4096.00 ; = 71 
4 4112.02 oe ee aati eee 4624.00 4761.00 . 4900.00 Pe 
i d +77 4641.02 = ; 
t 4128.06 4257.56 4380 . 06 LeaaeG Pgs AST 4917.52 5058.77 
3 4144.14 4273.89 4405.64 45 5 4795.56 4935.06 5076.56 
3 4160.2 39-39 4675.14 4812.89 : 
5 4290.25 4422.25 4556.25 4602.25 sé 4952.64 5004.30 
& 4176.39 4306.64 ieee 4830.25 4970.25 5112.25 
3 ARE ferns eas pile 4709.39 4847.64 4987.89 ik 
. : 4590.0 4726.56 s . Be — 
t 4208.77 4339.52 4472.27 barnes oe 4865.06 5005.56 5148.06 
No. | 72 - F | : 4882.52 | 5023.27 5166.02 
75 76 — 
© 5184.00 5320.00 77 78 l 
ci 5476.00 j 79 
$ 5202.02 5347-27 oem ee 8e 5776.00 5929.00 6084.00 6 
3 5220.06 ‘ tS 5795 .02 8 “i 
5365.56 5513.06 5662.56 5048.27 6103.52 deta 
$ 5238.14 83.8 28, 5814.06 5967.56 sh 
; Bae 5383.89 5531.64 5681.39 5833.14 | pie ) 6123.06 6280.56 
5402.25 5550.25 i‘ +89 ; 6142.64 
§ 5274.39 5420.64 5568.80 pipe os 5852.25 6006.25 | 6162.25 Fi 
Es 5202.56 5430.06 ae 5719.14 5871.39 6025.64 | Gaeta | 320.25 
i 5310.77 5457.52 5606/47 ates 5890. 56 6045.06 6201.50 Far 
: 02 5900.77 : 5 : 360. 
No. | 80 | 8 6064.52 6221.27 
: 82 8 — : 25 6380.02 
3 8 = 
° 6400.00 4 8s 
; y 6561.00 6724.00 Ghee Ge aoee 3 / 86 | 87 
420.02 6581.27 6744.52 Goins. 44 2080209 7225.00 | 7396.00 er 
Fs 6440.06 6601.56 6765.06 6 5 7077.02 7246.27 / 7417.52 7509.00 
& 6460.14 6621.89 6785.6 930.56 7008 .06 vies ee eel ee ae 7500.77 
: 6480. 26 eee oe 6951.39 7119.14 7288.89 | aoe. 7612.56 
5 6500.30 6664.64 Lene 6972.25 7140.25 7310.25 : ecb 7634.39 
i 6520.56 668 Se Miko 7161.39 > bear’, 7656.25 
3.06 6847.56 0 7331.64 7503.8 
5 6540.77 6 7014.06 7182.56 » : _— 7678.14 
703.52 6868 . 27 : 7353.06 . 
No. | 88 ao 7203.77 7374.52 aps ban 
= 89 oO y z a - — ee = : 7547.27 1 7722 
° 7744.00 p : 2 | S* 2: 93 ee a 
$ 7766.02 eas aed o8 8281.00 8464.00 gece tee: -—*# 23 
: 7943.27 ‘ . 8640. —— 
: 7788 ..06 Heer ee ee 8487.02 sive “ pomaagh 9025.00 
7810.14 7987.8 326.56 8510.06 59.52 9048.7 
.89 . 8605. ih 
3 7832.25 8010.25 ae Sant ase 8533.14 et | wae 9072.56 
$ 7854.39 8032.64 ee 8372.25 8556.25 ait 8006.64 9096 . 39 
4 7876.56 80 red 8395.14 8570. 4 ‘ / 8930.25 9120.25 
4 808 55.00 8235.56 8418.06 a 8765.64 8053.8 > 
7898.77 8077.52 ach oF " . 8602.56 8780.06 Me : : 9144.14 
No. | 06 oF OE ee a To Me ETS 8812.52 i a 9168. 06 
0 98 909 a dd 0192.02 
; 9216.00 0409.00 staes 7 au | 101 om l 
240. : 01.00 - = I 
; 9240.02 0433.27 9628.52 3 10000. 00 10201.00 x6 03 
9264.06 0457.56 are 9825.77 10025.02 10226,2 ate 10609 .00 
t 0288.14 8 370 0850.56 10050. ee 10420. 52 ‘ 
9481.89 67706 50.06 102 0634.77 
9312.2 : 9875.39 : 10455 .06 
2 9677.64 8 51.56 
5 9506.25 0 10075.14 10276.8 10660. 56 
$ 9336.39 S7 02525 9000. 25 79.99 10480.64 
9530.64 0726.8 TOLOO. 25 10302, 2 10686. 30 
i 9360. 56 “ED 9025.14 Sang “aS 10506. 25 
1 9555.06 0751.56 6580.08 5.39 10327 .64 bs 8 0712.25 
TOES aves 10353. 06 be 10738. 14 
10557.56 10764.06 


9384.77 057 
9.52 ¥ 
2 9776.2 
7 7 9975.02 I0I75.77 10378.52 
fe 10583.27 10 
790.02 
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TABLE 14.—FORMULAS AND CONSTANTS FOR THE COMPUTATION OF REGULAR Porycons, By W. L. Bentrz (Amer. M ach., May 23, 1907) 
Factors and their Logarithms, and Central Angles, for Polygons of from 3 to 25 Sides 


N | F | LogF | “M | Log mM | H | Log H | K | Log K B | Log B z 

3 5.19615 - 715682 5.19615 715682 . 324760 1.511562 - 433013 1.636501 . 384900 T.585348 120° 

4 4.00000 . 602060 5.65685 - 752575 . 500000 1.698970 I.00000 000000 + 353553 1.548455 90° 

> 3.63271 - 560231 5.87785 . 769219 594410 1.774086 1.72048 «235649 - 340260 1.531811 728 

6 3.46410 -5395901 6.900000 -778151 649519 1.812592 2.59808 -414652 «333333 1.522879 60° 

7 3-37100 «527759 6.07435 . 783500 684103 T,.835122 3.63303 - 560377 +329254 1.517531 SE 254434 

8 3.31371 ~ 520314 6.12204 . 786960 - 707107 T.840485 4.82843 - 683806 - 320641 1.514070 45° 

9 3.27573 -515308 6.15636 . 789324 . 723136 1.850220 6.18182 -7OIII7 - 324867 1.511706 40° 

ro 3.24920 - 511776 6.18034 + 791012 - 734732 1.866129 7.60421 - 886164 «323607 1.510018 365 

Ir 3.22089 ~ 500187 6.19811 . 792259 . 743380 1.871211 9.36566 -971538 - 322679 1.508771 B22 ASGadu 
I2 3.21539 - 507234 6.21166 + 793207 750000 1.875061 Ir.1962 I.049069 - 321975 1.507823 30° 

13 3.20420 -505720 6.22210 -793943 + 755173 1.878047 13.1858 1.120107 + 321430 1.507087 27° gr’ 32/7 
I4 | 3.19543 -504529 6.23062 -794532 + 759293 T.880410 15.3344 I.185667 +320005 1.506499 259 42! ea! 
I5 3.18835 - 503566 6.23735 - 795000 - 762631 T.882315 17.6424 1.246557 - 320649 1.506030 24° 

16 3.18260 -502782 6.24280 - 795386 - 765367 1.883870 20.1004 I. 303398 - 320364 1.505644 22° 30° 
17 3.17788 502138 6.24754 «795709 - 767636 1.885155 22.7353 I.356700 -320126 1.505321 Phha toler y(t 
18 3.17389 . 501501 6.25133 -795973 -760545 1.886234 25.5208 1.406804 + 319932 1.505057 20° 

19 3.17051 «501130 6.25455 «796196 -771166 1.887148 28.4654 1.454318 + 319767 1.504834 18° 56! 51” 
20 3.16769 - 500743 6.25738 . 796302 - 772543 1.887922 31.5688 I.409258 - 319623 T. 504638 18° 

21 3.16523 . 500405 6.25075 - 796557 + 773729 T.888589 34.8316 T.541974 - 319502 1.504473 17° 8ga'e 
22 3-16317 500123 6.261905 -796710 774763 1.889169 38.2527 1.582663 + 319389 T.504320 16° 21’ 49" 
23 3.16120 - 490864 6.26369 - 796830 -7756068 1.880676 41.8342 E.621532 - 319301 T.504200 15° 30’ 8” 
24 3.15966 - 499640 6.26526 - 796939 - 779457 T.890118 45.5745 1.658722 +31922T 1.504091 15° 

25 3.15824 -499444 6.26666 - 797036 -777156 T.890508 49.4738 1.604376 . 319149 T. 503004 14° 24° 

SYMBOLS AND EQUATIONS TABLE 15.—DIAMETERS AND SPACINGS OF CIRCLES WITH NEAREST 


z =Angle subtended at center by side. 


WHOLE NuMBER OF DIVISIONS 
(Jas. Fraser, Amer. Mach., May 14, 1908) 


P=Perimeter of polygon. 
C=Length of one side. 
A =Area of polygon. 


Diam- 


Distance on circumference 


Br’! | te’ 4 3” we i” gr ia” Fd 2” 


olor 


” RY” yr i’ 1” 


N = Number of sides. 
d = Diameter of inscribed circle. 
D=Diameter of circumscribed circle. 


a) 

wa ele oxen Sh i oe Bh ot 
o 

g 


Knowing 
se A G D d 
; i ; 
P Sera Te el poe P=Fd } 
1 
: A 
4 
KP 2 _Fat 2 
3 A A=T; A=KC? A=HD+ A= ; 
iI 
& i 
1 
° a 2 
P a/ MD Fd Fi 
H eRe 2V FA ee oat 
7 N SEAR 3 2N 2 N 5 
3 
FA D= BFd i 
D D=BP |D=2B\/FA| D=NBC = | 
} 
4 
4KP Vak| yg 4KC | g_2MKD 
d d= We pre N d N d N?2 } 
3 
The following factors are used in the calculations, their values being a 
found in Table 11: 5 
2 . 180° Ni 3067 
F=N tan es M=2N sin ole: oes sin “We : 
N 180° at 180°. 5 
=— cot nN? B N cosec ay "¢ 


PAA |e aes 6 
Bi \<TO 8 
38 | 19 9 | 
44 | 22 II Fi 5 | 


SO je25 hts 8 6 


OS) ||P st) 064) 2O. 8| 6 

75: {38 | £9 | TZ OS 6 

BS} 44 |) 22 (ts Tr) 7 EA ate) 

I0oo | 50 | 25 | 17 I3| 10 Sins 6 


402 |20r |100 | 67 | 50} 40 | 34] 20 | 25| 22 | 20] 18 | 17] 15} 13 


428 |214 |107 | 71 53] 43 | 36] 3x | 27] 24 | az) ro | 28] x5) 73 
454 |227 |114 | 76 | 57] 45 | 38] 32 | 28] 25 | 23] 21 | ro) 16} 14 
478 |239 |119 | 79 | 6ol 48 | 40] 34 | 30] 27 | 24) 22 | 20] 17) I5 
503 |252 |126 | 84 63| 50 AZ| 36; | Sul -28 || <25| 2a) |) ens), ro 


528 |264 |132 | 88 | 66) 53 | 44] 38 | 33] 29 | 26] 24 | 22] Io] 16 
554 |277 |138 | 92 | 69] 55 | 46] 40 | 35] 31 | 27] 25 | 23) 20) 17 
579 |289 |145 | 96 | 73] 58 | 48] 41 | 36] 32 | 28] 26 | 24) 21] 18 


604 |302 II5I |IOL 76| 61 | 50 44 38] 34 | 30] 27 | 25| 22] ro 
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To find the area of a segment: 
multiply it by the square of the diameter. 


TABLE 16.—AREAS OF CIRCULAR SEGMENTS 
From Trautwine’s Civil Engineer’s Pocket Book 


Divide the height by the diameter. Opposite the result in this table find the area constant and 


Height | Area | Height | Area | Height | Area | Height [ Area | Height | Area | Height 
.OOI . 000042 .073 025714 -145 070329 2ET. 125634 289 . 188141 - 361 
.002 .O00IIO .074 . 026236 .146 071034 .218 . 126459 .290 . 189048 362 
.003 000219 075 026761 -I47 071741 219 .127286 291 . 189956 - 363 
-004 - 000337 .076 .027290 .148 .072450 .220 -128114 .292 . 190865 - 364 
-005 000471 077 027821 .149 073162 <22e . 12809043 .203 - 191774 - 365 
006 000619 .078 028356 +150 -073875 222 .129773 294 . 192685 . 366 
007 .000770 .079 .028804 neues .074590 Cee . 130605 -205 - 193597 -367 
008 0009052 .080 -029435 +152 075307 224 - 131438 - 206 - 194509 - 368 
. 009 .OOII35 .O8T 020079 +153 076026 ~225 -132273 a2OG. - 195423 - 369 
.OI0 . 001329 082 *,030526 -I54 -076747 226) . 133109 .208 - 196337 -370 
.OIL .001533 .083 .031077 ass -077470 maeoy, . 133946 . 299 - 197252 -372 
O12 , 001746 084 . 031630 -156 -078104 228 - 134784 -300 - 198168 aia 
. 013 . 001969 085 032186 «t57 .078921 229 -135624 -301 - 199085 -373 
O14 002199 . 086 - 032746 -158 079650 230 - 136465 +302 - 200003 -374 
O15 -002438 087 -033308 -159 080380 231 137307 +303 + 200922 -375 
O16 .002685 .088 . 033873 -160 -O81rr2 232 - 138151 +304 - 201841 -376 
O17 +002040 089 -034441 .I61 081847 233 - 138996 +305 + 202762 Pe iy | 
018 .003202 . 090 -035012 .162 .082582 +234 - 139842 +306 «203683 -378 
+019 - 003472 :0OL - 035586 Aamoye} . 083320 235 - 140689 -307 - 204605 379 
"020 A y 
003749 .002 -036162 -164 - 084060 +236 - 141538 -308 - 205528 -380 
nO2T . 004032 .093 . 036742 165 - 084801 237 - 142388 +309 - 206452 381 
+022 - 004322 -004 -037324 - 166 -085545 238 - 143239 +310 arene 382 
023 - 004619 005 +037909 -167 - 086290 +239 - 144091 .3Ir pe 38 
024 - 004922 +096 +038407 - 168 -087037 240 - 144945 2812 - 209228 mp 
.025 . 005231 .007 - 039087 - 169 -087785 241 - 145800 +313 - 210155 ee 
p026 -005546 | .098 039681 | .170 .088536 242 . 146656 314 seacd a 
+027 005867 -090 -040277 -I71 -089288 -243 + 147513 +315 Baas poe 
.028 - 006104 - 100 -040875 may 2 -090042 «244 - 148371 316 oa pe 
ott - 006527 - IOI -041477 -173 +090707 +245 - 149231 ize ane et 
-030 - 006866 .102 042081 174 to} j : 
; -0901555 +246 - I50001 318 2148 
+031 - 007209 - 103 042687 E75 fo) : ee — 
7 ; + 092314 247 - 150 ‘ 57 
+032 -007559 -104 - 043206 =r76 - 093074 248 ere oe ee ne 
033 .007913 | .105 -043908 | «1 oO. ; ; ; fate 
.034 .0082 : oe EE oon = 152085 132 -217600 | =. 393 
73 106 -044523 -178 -094601 250 -153546 322 2185 
+035 - 008638 .107 -045140 ELIO + 095367 251 I54AI : Bato i 
.036 - 009008 -108 045759 -180 - 006135 252 nie eee ae = 
es Feces! nos mene Cae Se : vi E +324 - 220404 -396 
-038 -0090764 .II0 047006 8 : rae pa idee =e 
Oe) +182 097675 254 - 15701 78 | 
Sogo Nie aoc Aa 9 -326 - 222278 | -398 
O48 ee ae as ao -0908447 +255 -157801 +327 + 223216 300 
. . -Lh2 6 262 -184 -0909221 256 i 5 oe 
eae ODER) - 113 048894 .185 - 099907 fe eth = Sone pit 
+042 -OTI331 7rEA +949520 - 186 - 10077 258 ; 3 : a eee ae 
-043 .O11734 115 .050165 2) se tbe a es +330 - 226034 402 
+044 .012142 | .116 | .050805 | .188 102 es Rabrvabim ieiietesy oe pot adi es 
045 - 102334 200 - 162263 -332 - 227016 
-012555 -TE7 - 051446 - 189 - 103116 261 1631 a eee 
-046 -O12071 cities) -052000 - 190 - 103900 262 A ve pee eet = 
047 013393 | .119 -052737 | .1or - 104686 263 geese “334. | .82080n) 406 
-048 -013818 20) - 053385 -192 - 105472 264 ate se: otis | —_ 
»049 - 014248 -12I +054037 -193 - 106261 265 : Sas ae on = 
.050 Boe ea eee iecs650 (apy eaerbec | ace! |) x6, + st Reel fess: 
+051 -OI5II9 | .123 | .055346 | .r05 107843 | .26 te — 233580 | =. 410 
052 015561 | .124 056004 | .196 . 108636 cath eee - pisesdting, Bi sce 
.053 (ORGIOE ithe Bis6ba ao ae 2 + 169316 +340 235473 -412 
054 eaten + T0O43T - 260 . 170202 341 23642 
45 +126 +057327 108 .110227 270 17 eis) “a53 
.055 HAD ere Boros ie ia ba ' Abe 342 237360 414 
pes ase teat ae ne ieaes ak Erno 343 238310 415 
057 Fomor ara eee pe: He te . 172868 »344 230268 -416 
ee ree pee cen we ee: ae Gahbd hhe 345 - 2402190 -417 
-059 - 018766 131 060673 ee ee 18 ellis 346 -241I70 .418 
-060 - 019230 132 0613.40 we Loe ae SiSS43 347 - 242122 -410 
. 061 - 010716 ma .062027 nee Re ‘eee di ais - 348 + 243074 .420 
.062 - 020197 134. .062707 anys Araebie us - 177330 349 . 244027 421 
-063 - 020681 +135 . 063380 .207 ace 27 .178226 350 . 244080 422 
OE: serares He renee ae pets sets 179122 351 - 2459035 +423 
-065 -021660 nts 7 . 064761 .200 .11908 . 180020 +352 - 246800 424 
.066 .022155 Sete 6 a so -T80018 353 . 2478 
+005449 .210 - 119808 28o ‘ 47945 -425 
.067 .022653 | .139 .066140 | .2rr 120713 a peisks 354 - 248801 426 
-068 .023155 .140 066833 - : 3 - 182718 +355 - 249758 27 
ae I2 - 121530 .284 1836 : 
.069 023660 | .141 067528 eee 356 + 250715 2 
75 4213 .122348 28 +428 
Be SOBATOR | ohda -068225 214 123167 386 ical ae »251673 420 
071 ; ’ ! : +18 
ay Sede -143 068024 | .215 . 123088 287 aca ee piaies ae 
+02510) -144 + 069626 +216 124811 -288 18723 oe pace pe 
: 35 +360 + 254551 -432 


| Area | Height | Area 
~255511 -433 - 325900 
. 256472 -434 + 326891 
- 257433 -435 - 327883 
-258305 | -436 -328874 
259358 | .437 - 329866 
_ .260321 | -438 . 330858 
- 261285 | 439 331851 
. 262249 | -440 + 332843 
.263214 | .441 - 333836 
-264179 | .442 - 334829 
| .265145 | -443 - 335823 
. 266111 -444 - 336816 
. 267078 -445 - 337810 
| .268046 -446 - 338804 
| .269014 | .447 | -339799 
269982 | .448 «340763 
-270951 -449 - 341758 
- 271921 | -450 «342783 
. 272891 451 | .343778 
- 273861 } 452 _ +344773 
| .274832 | 453 - 345768 
| .275804 454 - 346764 
| -276776 | 455 -347760 
277748 456 -348756 
| 278721 457 +349752 
279605 458 -350749 
2806690 | 459 2351745 
281643 460 -352742 
282618 -461 + 353739 
283503 . 462 - 354736 
284560 - 463 +355733 
285545 | .464 + 356730 
| -28652r | 465 -357728 
| +287409 | .466 -358725 
288476 | 467 -359723 
-289454 | . 468 - 360721 
- 290432 - 460 -361719 
} .20T411 | -470 362717 
-292300 | .471 - 363715 
+ 203370 472 -364714 
+ 294350 -473 - 365712 
- 205330 -474 - 366711 
- 296311 | -475 «367710 
- 297202 -476 - 368708 
- 298274 | -477 - 360707 
- 200256 : -478 - 370706 
. 300238 479 -371705 — 
- 301221 | 480 | + 372704 
+ 302204 481 | -373704 
| .303187 482 - 374703 
~304171 | 483 -375702 
| -305156 | 484 - 376702 
+ 300140 | 485 +37770L 
| +307125 486 -37870r 
| .3o08r1ro 487 -379701 
| .300006 488 - 380700 
- 310082 | 480 - 381700 
- 311068 | 490 . 382700 
~312055 | 401 - 383700 
+ 313042 +402 -384600 
- 314020 -493 . 3856900 
-315017 | -404 - 386600 
- 316005 495 - 387609 
- 316903 | . 406 . 388600 
. 317081 497 - 389600 
- 318070 498 - 390699 
- 310059 490 - 3916990 
+ 3200490 | 500 + 392690 
- 321938 
+ 32209028 
+ 323919 
- 324909 
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TABLE 17.—SIDES AND DIAGONALS OF SQUARES 
Diagonal =SideX 1.4142 
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TABLE 19.—CIRCLES AND SQUARES OF EQUAL AREA 
From Kent’s Mechanical Engineer’s Pocket Book 


Side | Diagonal || Side | Diagonal | Side | Diagonal | Side | Diagonal This table may be greatly extended in range by shifting the decimal point. 
y aeons 1 2-438 378 ea2049) 5H 7-425 Thus the side of a square equal to a circle of 5 ins. diam. is 4.431 ins. For 
: paeee rie] ©2003 3% 33038 5946 7-513 a circle of .5 in. diam., this becomes .4431 ins. So, also, the reading 10.635 
ed Pere We e052 398 5.126 5% 7.601 for a circle of 12 ins, diam. becomes 1.0635 for a circle of 1.2 ins. diam. 
os e265 ie 2149 thie 5.215 SV6 7.689 Diameter of circle = 1.128379 X side of square of same area. 
ts ee : oa 394 IE) 578 Tevte Side of square = 0.886227 X diameter of circle of same area. 

546 0.442 2h6 2.017 31346] 5.302 5%6 7.866 Diam. Side of Diam. Diam. Side of me Diam. Side of ees 
34 0.530 2g 3.005 334 5.480 55% 7.055 of circle square of circle|of circle Square (0) circle of circle square fo) cire e 
Y16 0.619 2346 3.004 31Heo 5.568 51146 8.043 or side | equiva-} equiva-| or side | equiva-| equiva-, or side equiva-; equiva- 
46 0.707 2h4 3.182 4 5.657 534 8.132 of lent to | lent to of lent to | lent to of lent to | lent to 
Ke 0.796 2546 3.270 4c 5.745 51346 | 8.220 square | circle | square | square | circle | square | square | circle | square 

I 0.886 | 1.128 | 34 |30.132 |38.365 | 67 {59.377 | 75.601 
9% | 0.884 || 236 3.359 || 446 5.834 || 576 8.308 2 1.772 | 2.257 | 35 |31.0r8 |30.493 | 68  |60.263 | 76.730 
Mes 0.972 216 3.447 4316 5.922 515i6 | 8.396 3 2.659 | 3.385 | 36 {31.904 |40.622 | 69 [61.150 | 77.858 
4 oO 2r8 3-535 4y4 6.010 6 8.485 4 3.545 | 4.514 | 37 |32.790 |4t.750 | 70 162.036 | 78.987 
ake Tes, 26 3.624 416 6.099 66 8.563 5 4.431 | 5.642 38 33-677 |42.878 aI 62.922 | 80.115 
74 1.237 256 3.712 || 436 6.187 68 8.662 

6 5.387 | 6.770 39 34.563 144.007 72 63.808 | 81.243 
1546 1.326 216} 3.801 4vie 6.275 6346 8.750 q 6.204 | 7.890 40 35.449 |45.135 73 64.695 | 82.372 

I 1.414 234 3.889 436 6.364 644 8.838 8 7.090 | 9.027 | 4t |36.335 |46.264 | 74 |65.58r | 83.500 

6 1.502 213{6 | 3.977 4%6 6.452 6546 8.928 9 7.976 |10.155 | 42 |37.222 147.392 | 75  |66.467 | 84.628 

1% 1.590 248 4.066 458 6.541 634 9.015 10 8.862 |11.284 | 43 |38.108 148.520 | 76 167.353 | 85.757 

1H6 1.679 21546] 4.154 41“e 6.629 6716 9.103 

II 9.748 |12.412 44 38.994 |49.649 ntl 68.239 | 86.885 

1/4 1.768 3 4.243 434 6.718 614 9.192 12 10.635 |13.541 45 39.880 150.777 78 69.126 | 88.014 

1546 1.856 3hie 4.331 41346 | 6.806 6%6 9.280 13 II.52I |14.669 46 40.766 |51.905 79 70.012 | 89.142 

136 1.945 318 4.419 478 6.804 658 9.369 14 |12.407 |15.797 | 47 141.653 |53.034 | 80 |70.898 | 90.270 

i é , -784 | 91.399 

Hie 2.033 3346 4.508 41516] 6.983 614ie | 9.457 D5 }132293) 162926 I) 48) 4zii5go) 54.102 Sn ize 

14 2.22% 3}4 4.596 5 7-071 634 9.535 

; 16 14.180 {18.054 49 43.425 |55.201 82 72.671 | 92.527 

1%6 2.210 3516 4.685 sie 7.158 61346] 9.634 17 15.066 |19.182 | 50 |44.311 |56.419 | 83 |73.557 | 93.655 

158 2.208 338 4.773 54% -| 7.248 678 9.722 18 {15.952 |20.311 | 51 |45.108 157.547 | 84 174.443 | 94.784 

Me 2.386 36 4.861 5346 7 @3dOn 61546 9.811 19 16.838 |21.439 52 46.084 |58.676 85 75.330 | 95.912 

i 20 17.725 |22.568 53 46.970 |59.804 86 76.216 | 97.041 
Squares and Square Roots of Numbers Other than Those Given 
in the Tables 21 {18.611 }23.696 | 54 |47.856 |60.932 | 87 |77.102 | 98.169 
22 19.497 |24.824 55 48.742 |62.061 88 77.988 | 99.207 
Squares and square roots of larger or smaller, whether whole, deci- 23 |20.383 |25.953 | 56 |49.629 |63.189 | 89 |78.874 |100.426 
i i : .760 |101.554 
i a found b 24 |21.269 |27.081 | 57 |50.515 |64.318 | 90 {79.7 
mal or mixed, numbers not ‘given in Table 26 may be y Pigeaeiita: ek Sis wiht eae eS ee eeee 
proper adjustment of the decimal point. 

To find the square of such a number: Move the point to right or left Pou lagiodas 201458 | reo ules 287 NeGnerL’y roa masmicast eaters 
to give a number of the table (preferably of three figures). Take out 27  |23.928 |30.466 | 60 [53.174 |67.703 | 93 3 -419 a ae 
the square of this number and move its point back again twice as 28 ee 31 eS er Siar er 4 mee eee 

: nr : 29 25.701 132. : ; 
many places as it was first moved. If the original number contains Bowe aot eacilew’ ace | ean teticoiaig lnaceas icoMeta cha at eee 
more than three significant figures those in excess are to be ignored 
unless greater accuracy is required, in which case, interpolate. The 31 |27.473 |34.980 | 64 |56.719 |72.216 - ¥ ee ee 

j rT i i i a2 28.359 |36.108 65 57.605 173.345 9 850 |110.581 
result of such interpolation is not exact, but sufficiently so in case a i aa oe eg eee acs ee 
of decimals. 
(Continued on next page first column) 
TABLE 18.—SQUARE Roots, AND CuBE Roots oF BINARY FRACTIONS 
Fraction | Sq. root | Cube root || Fraction| Sq. root | Cube root | Fraction | Sq. root | Cube root || Fraction | Sq. root | Cube root 
Véa 1250 2500 1lé4 .5154 .6428 336 4 . 7181 .8019 4964 .8750 .9148 
5 4 254. : .92I0 
Yo .1768 .3150 %o 5303 .6552 1149 . 7289 .8099 78.2 Be 9 
56 892 9271 
3a . 2165 . 3606 1% 4 -5449 .6671 3564 7395 .8178 764 927 927 
ie . 2500 .3968 He . 5590 .6786 6 . 7500 .8255 346 9014 .9331 
| 87 8331 536 .QI0o 9391 
564 -2795 4275 26a 5728 -6897 64 - 7603 33 764 9 - 
> 3062 4543 10 . 5863 . 7005 1989 7706 8405 2789 OI .9449 
: 236 <7LLO 3% 4 . 7806 8478 5564 .9270 .9507 
Ye - 3307 4782 764 +5995 7 i : : os ae ae 
B26 3¢ 6124 . 7211 56 790 .8550 1g ; ‘ 

4% -3535 . 5000 % 

4] .800 8621 5% .9437 9621 

%4 | -37s0 | .5200 |) *%4 | .6a50 | «7310 || 4¥%a 4 Ye 

54 3953 5386 1340 6374 . 7406 240 . 8101 . 8690 %e 9520 .9677 

: ; : : 594 ee 

ae 4161 5560 2164 .6405 .7500 4364 .8197 8758 %a Aes, th 

764 : Z 154 0787 

346 4330 5724 Ko 6614 -7592 1M 6 .8292 .8826 546 .9682 9787 
614 

878 29% 6732 . 7681 4564 .8385 8892 an .9763 9841 

134 -4507 507 Ha 5 ae ‘ 4 
a 6 6025 1362 6847 . 7768 2340 .8478 .8058 Me .9843 .9895 

ge o 1 47 856 .9022 6364 9922 .9948 

3 6960 .78 64 -6509 : 
15% 4841 .6166 Yea .69 7853 y — é 
V4 . 5000 .6300 a 7070 .7937 34 .8660 .go , Ses 
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. Best (Amer. Mach., Oct. 9, 1913) 
TABLE 20.—LENGTHS OF CHORDS FOR THE Drviston oF CircLes, By A. BE ( , 
For Larger Circles the Chords are in Direct Proportion 
Number of Centers on Circle s 
2 | | bea as eae 6 8 oe zs 
2 ‘ L 6 = 2927 : 
Se ee ea say Te ese gage 
1% 1.2990 1.0606 8817 . 7500 5740 4635 pie ney pes 
ee a lal achat ee os eee Bi “4529 .3892 3417 
134 1.5155 1.2374 1.0287 .8750 009) ty ee Rite 3668 
ca 1.6237 1.3258 I.1029 -9375 -7174 : : me ee gt 
2 1.7320 1.4142 1.1756 I .0000 7654 -6180 5 
.8610 .6952 - 5823 «5004 4390 
24 1.9486 1.5910 1.3225 I.1250 s ie jue ge "4378 
2% QerOse2 1.7678 1.4794 I.2500 -95 — 5 . a eg ae 
234 2.3817 1.0446 1.6163 1.3750 rae . ve ae yet ate 
: .9270 : A x 
2.5981 De iOR 7033, I.5000 1.1480 tes 
ay 2.8146 2.2081 I.Q102 1.6250 1.2436 1.0042 .8411 7228 34 
.682 
34 3.0311 2.4749 2.0571 1.7500 1.3392 1.0815 .9058 i: ae 
334 3.2476 2.6517 2.2040 1.8750 1.4348 1.1587 «9705 oe rs 
4 3.4041 2.8284 2.3511 2.0000 1.5307 1.2360 1.0352 e — . 
44 3.6806 3.0052 2.4980 2.1250 1.6263 23132 1.0999 -9452 : - 
4% 3.8971 3.1820 2.6449 2.2500 1.7219 I.3905 I.1646 r.0008 | 7 
434 4.1136 3.3588 2.7918 2.3750 1.8175 1.4677 1.2293 1.0564 | 9268 
5 4.3301 365855 2.9389 2.5000 1.9134 1.5450 I.2440 I.1120 9754 
514 4.54606 B73 3.0858 2.6250 2.0090 1.6222 1.3087 1.1676 | aan 
3 5% 4.7631 3.8904 Reee wy 2.7500 2.1046 1.6995 1.3734 1.2232 ) ape 
fn 534 4.9796 4.0672 3.3796 2.8750 2.2002 £27707 1.4381 1.2788 1.121 
S 
5 6 5.1966 4.2426 3.5207 3.0000 2.2061 1.8540 1.5528 1.3344 1.1705 Es 
os 614 5.4126 4.4104 3.6736 3.1250 2.3017 1. G352 1.6175 pophe a - 
a 6% 5.6291 4.5962 3.8205 3.2500 2.4873 2.0085 1.6822 | 1.445 7a rf 
= 634 5.8456 4.7730 3.9674 3.3750 2.5829 2.0857 1.7460 1.5012 ne zs 
g 7 6.0622 4.9407 4.1147 3.5000 2.6788 2.1630 1.8116 | 1.5568 1.2756 x 
A | 
Wy 6.2787 5.1265 4.2616 3.6250 2.7744 2.2402 1.8763 1.6124 | 1.3244 ieee 
76 6.4952 5.3033 4.4085 3.7500 2.8700 2.3575 I.Q410 1.6680 | 1-3732 t- 
734 6.7117 5.4801 4.5554 3.8750 2.9656 2.3047 2.0057 | 1.7236 1.4220  - 
8 6.9282 5.6568 4.6022 4.0000 3.0614 2.4720 2.0704 | I.7792 1.5607 z. 
84 7.1447 5 -8334 4.7491 4.1250 3.1570 2.5492 2.1351 | 1.8348 *.Gog5"" 1 2. 
81g 7.3012 6.0102 4.8960 4.2500 3.2527 2.6265 2.1998 1.8904 1.6583 I. 
834 eS gay 6.1870 4.0429 4.3750 3.3483 2.7037 2.2645 1.9460 | 1.707% z. 
9 7.79042 6.3639 5.2900 4.5000 3.4440 2.4810 2.3292 2.0016 | 1.7558 i 
0% 8.0107 6.5407 5.4309 4.6250 3.5396 2.5582 2.3930 2.0572 1.8046 i 
978 8.2272 6.7175 5 - 5838 4.7500 3-6353 2.6355 2.4586 | 2.1128 1.8534 I. 
934 8.4437 6.8043 5.7307 4.8750 3.7309 2.7127 2.5233 2.1684 | 1.9022 ie 
Io 8.6603 7.0710 5.8778 5.0000 3.8268 3.OgoI 2.5880 2.2240 | 1.9509 i < 
10)4 8.8768 7.2478 6.0247 5.1250 3.9224 3.1673 2.6527 | 2.27096 I .9907 | I. 
10}g 9.0933 7-4246 6.1716 5.2500 4.0181 3.2446 2.7174 2.3352 2.0485 | 1. 
1094 9.3098 7.6014 6.3185 5-3750 4.1137 3.3218 2.7821 | 2.3908 2.9730 I 
j 
II 9.5263 Hoven 6.3656 5.5000 4.2095 3.3990 2.8468 2.4464 | 2.1460 | I.QI00 
11% 9.9593 8.1311 6.6504 5-7500 4.4008 3.5536 2.9762 2.5576 2.2436 | 1.9968 
12 10.3923 8.4852 7.0534 6.0000 4.5921 3.7081 3.1056 2.6688 2.3412 2.0836 


Examples: To find the square of 2760. 


to the left giving 276., the square of which 


Move the point one place 
, by the table, is 76,176. 


right, giving 276., the square of which is 


76,176. Move its point 


Move its point two places to the right and 
square of 2760. 

To find the square of .276. Move the point three places to the 
right giving 276., the square of which is 76,176. Move its point six 
places to the left giving .076176 the square of .276. 

To find the square of 2.76. Move the point two places to the 


we have 7,617,600., the 


four places to the left, giving 7.61 76, the square of 2.76 

To find the square root of such a number: Move the decimal point 
to right or left an even number of times to give a number of the table. 
Take out the square root of this number and move its point back 
again one-half as many places as it was first moved. If the point 
when first moved gives two figures in the whole number part, inter- 
polation is necessary for more than ordinary accuracy, 
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TaBLe 21.—DEcIMAL EQUIVALENTS OF BINARY FRACTIONS 


Sa —_| .015625 
32 .03125 
Gi — | .046875 
7—————_| .0625 
ea —_| 078125 
or -09375 
$a—— | 109375 
—————— eT oS 
Si —| 140625 
3g——_ . 15625 
$4— | - 171875 
3;—————_|. 1875 
. 43] 203125 
39 . 21875 
$i — | - 234375 
j—______| 2x9 
f 47 —_| 265625 
32 28125 
$i — |. 7 0875 
ie = ere a 
ei | - 328125 
32 -34375 
$i | .359375 
3—_——_——_.375 
5 28——| 390625 
caer 
64 . 
16 ra ce 
64 +453125 
33-——_ . 40875 
$4— | . 484375 
x 33 ee 
3 68 515625 
32 53125 
4 $a] - 546875 
Te: : - 5625 
. $2 578125 
em 59375 
64 . 609375 
3] .625 
At .640625 
34 .65625 
$5 29772875. 
73 .6875 
$i—| - 703125 
32 . 71875 
/ $i— | - 734375 
3 .750 
- ae . 765625 
25 . 78125 
$4— -796875 
3 = .8125 
ot 8 828125 
32 84375 
: $a— | -859375 
q .875 
ea 890625 
3 90625 
as 8H] 921875 
1 -9375 
oq 84] -953225 
32 96875 
64 -984375 


Examples: To find the square root of 5830. Move the point two 
(an even) number of places to the Jeft giving 58.3. The square root 
of 58 is 7.6158. Moving the point one place to the right gives 76.158, 
the approximate square root of 5830. To interpolate add 3{ ths of 
the difference between the square root of 58 and of 59, but note that, 
to the extent that the two roots agree (7.6) both are correct. 

To find the square root of .o583. Move the point four places to 
the right, giving 583., the square root of which is 24.1454. Moving 
its point fwo places to the left gives .241454, the square root of .0583. 
No interpolation is necessary when the first shift of the point gives 
three places in the whole number part. 

To find the square root of 5.83. Move the point fwo places to the 
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TaBLE 22.—DrcimaL EQurIvALENTS oF OTHER THAN BINARY 
FRACTIONS 
- |Nea . = 
ihe! Deci- oe ier Deci- Near Deci- Near- Deci- Near- 
aaib ee qa est | Fr. iat est Fr. 1 est 
a. ap 3 5 “ae * | 64th tne a loath 
: 3) 32 ay 093 y ay 
wa] .0323 #r | .0052 ry pe . ot a0 
3y| -0333 vr | .0968 fs | .1785 as 2632 
2h| .0345 to | -1000 rr | .1818 ts 2667| 4 
za| .0357 fs | .1034 8 re _ 
zy| .0370 Ys | .1053 w | ir87s| wv | oe 
. e «272 
wy] .0385 ¥s | .1071 ay | .1905 % ee 
zs| .0400 3 Trt] & | .1923 q's 2778 
, é 
x aad oe ae ar | .1935 2s . 2800 
ay] .0435 vy | .117 5 -2000| 4} Pe . 281 
ge} .0455 ss | .1200 25 «| «22060 % ee % 
2x| .0476| & + -1250| } 2 | .2083 ar - 2903 
ay| .0500 ax | .1290 vo | .2105 27 -2017 
.0526 oy -1304 ped - 2143 17 +2941 
te] .0556 vs | .1333 ta | .2174 Py +2963) 4% 
3 
ty| .0589 oh -1364 3z_| -2188] 3b to -3000 
tg] .0625] vs | ws | .1370 Fy -2222 23 3043 
#r| .0645 PS -1429| w& | wr | .2258 vs .3077 
& i tr -1481 2 | .2273 25 «3103 
2 -0690 z -1500 - 2308 
yr| .0714 % | 11538 o aaa # == ek is 
vy| .0740 go_| -1563| a | xy | .2353 2% 3182 i 
vs} -0769] & | ys | .1579 dr | .2381 zo -3200 
Scsel || cosL RL ais | | ag 
1 : Pee eg 3 . ee eee +2414 -3226) # 
2y| .6870 1667 23 | 2500\ 2 3 -3333 
vx] .0900 2 | -1724) # | dt | .2580 —#_| .3438) # 
2§| .3448 aq | .4194 af | .5161| # 35 -5862 
ws| .3462 Yo-| .4211| #4 | 38 | .5172 17 5882 
#4] .3478 34.) 14231 4% | .5185 33 -5909 
2| .3500 FS - 4286 3% | .5200 48 -5926 
% 3529 33 | «4333 33 | .5217 | -5938) 
A -3548 39 | .4348 _ | dE | +5238 % 6000 
Ya) «3572 e_| .4375| zs | is | .5263 RE 6071 
#| .3600] 2 | 3% | .4400 tr | .5204 24 -6087| %2 
* oe + -4444 | .5313) i a -O1II 
30| -3067|____| 35 «| «£4483 ts | -5333 at -6129 
%o .3684 #5 | .4500 ; 38 0)| te535/i| oe ney -OL54| eae 
Io! 3704 4¢ | .4516| 2 | xe | .5385 33 -6190 
= .3750| x 4545 2 | -5417 43 .6207 
$| -3793 zk | .4583 vr | -5455| #8 é “6250, = 
#| .38I0 vs | .4615 aE | -5484 at -6296 
Ys] .3846 Bg | .4642 3 | -5500 13 6316 
43] .3871 vs | .4667 a5 Se oS5L7Ie | ake 6333 
Ys| .3880 He] .4688) 48 1 8 | .5556 rr -6364 
#a| .3913| #% | 3% | .4706 25 | .5600 28 | -6400) # 
4g]. .3920 to | -4737 _|te_| -5625) a6 raz | -6429 
2 | .4000 42 | 1.4762 3% | .5652 ay -6452 
43| .4063] #3 | 34 | 4783 35 | -5667 DY |--0475 eee 
tH| .4074 32 | .4800 $ -5714 35 -6500 
f| .4001 33 | .4815 358 | .5769 28 -6522| 
we| .4118 2§ | .4828) 22 | $$ |°.5780) #4 26 -6538 
48] .4138 4§ | .4839 3% | «5806 33 -6552 
Y| -4167 $ - 5000 4 rz «5833 Fea 6563 sere 
46007042 lad <7500|2et nl) & 8334 34 By eee 
at} .6774 8 | .7586 3¢ | .8387 i} -9167 
18 | .6786 12 | .7600 8% | .8400 83 -9200 
iz| .6800 4¢ | .76r0) | 3g | -8q2z] $3 | .9231) 4&8 
4§| .6818 i | .7647| & | 32 | 8438] $$ =| .9250 
1g| -6842 33 | .7667 ix | .8462 $2) | |/o286|0 
i3| -6875| 3 | 39 | . 7602 46 | .8s00i\___|_ #8 
mt 68 50 i4 +9310 
tp| -6897 ye | .7727 87 | gst9 ge | -9333 
,| -6923|——] at | .7742 t, | .8s7r H 9355 
14| -6957 %, | -7778 ij a6ar] | oe] i 
| *7000 Hi} .7813]  #% | 4 | .8636 HY | coaze 
iy| -7037| # [AE | ‘7826 a4 | .8667 48 | 9444] 
12| °7059 42 | .7857|___! 4% | 18606 48 “9474 
14, °7083 1§ | -7805 .8710| | 23 .9500 
E7007 4 | <7017 #f | ‘875c #2 | .o524| # 
§ | .7143 #5 | .7931/ 8% | 18 | “ge5, 82 -9545 
4g] 7188 3} i . 8000 s% | .8824 35 -9565 
}g| ©7200 Hi . 8065 g 8846 33 -9583 
y3| +7222 yy | +8077 8§ | .8880 85 .9600 
qi] 7242 tg | +8095] | | 33 | -8029] af 88 | .o6rs 
| +7273 ; 8125] 38 | 36 | .8047 3 9630 
i .7308 | ok 8148 , . 8066 35 .9643 
i - 7333 23 .8182 ae -9000 88 0655 
iu . 7368 * .8214 Tee 9032 55 .9667 
i| -730% 1% | .8235 at | .9048 a9 | 0678 
29 -7407| 3g .8261 53 +9003 ea R} 9688 # 
2 ws z 
ag “7419 34 .8276 33 +9 -9090I1 33 1.0000 
right giving 583., the square root of which is 24.1454. Moving its 


point one place to the left gives 2.41454 the square root of 5.83. 
The method is not satisfactory when applied to cubes and cube 
roots because of the large errors of interpolation. 


536 
TABLE 23.—DECIMAL EQUIVALENTS OF OTHER THAN BINARY 
FRACTIONS 
Thirds, sixths, twelfths and| Sevenths, fourteenths and 
twenty-fourths twenty-eighths 
ag... ; 041666 | sy.... 035714 
qr... CUI CH let ara ene Peco Oo cater 071429 
Bye... 7E25 age: . 107143 
iY OREN Sette adc . 166666 | 1/7.. . 142857 
mpd nese 208333 | a5 .178571 
onal oe ete eae 250 Tr. . 214286 
DES Gow eon 291666 gee: ~250 
WEN tab ote ROSCA 285714 
ar sat eOa Ee Gee Bus RE CR moe . 321429 
jivjOO O00 ducd 6.0 Dida atolod . 416666 Pr. 357143 
APES TS te ove eave 2s 1459333 | $4. - 392857 
3/6. 500 EM Cos Cech kB bth ee MRA 428571 
a4 styet g are en Re 541666 ee 464286 
Sey Ok Oe Daren eee SHIRE || stosac 500 
43... 625 Eee 535714 
2/3 iash.c geome Re . 666666 | 4/7. 571429 
44. 708333 | 25-- 607143 
TZ Septic Gog who caine eRe ne PS 750 Bi do alwie oteietaregeu ev ie temenedn st ie 642857 
49 791666 | 42... 678571 
5/6 ORE a Gis Ont AAah Sot eA eA oe 714286 
at 875 a3. -750 
2 916666 tt. é 785714 
i A ET fier states aon Ne 958333 | ##.... 821429 
a bee o oc ee aes eae a I.000 gs: 857143 
ZR. .892857 
ag. 964286 
ee. pole I.000 
TABLE 24.—SURFACES AND VOLUMES OF SPHERES 
(From Trautwine’s Civil Engineers Pocket-Book) 
: f Ga | oe : oy are 
an Beene es eral ee oe) ice 
ae aia = 
i a 4.2000 |! .80939|| #4 17.258 6.7412 
16 4.4301 | .87681 3 D7 e720 7.0144 
“ az | 4.6664 | .04786|| ## | 18.100 | 7.2049 
eS - 4.9088 |1.0227 vs 18.666 | 7.5829 
; wy 5-1573 |1.1013 || 4% | 19.147 | 7.8783 
x as ane 1.1839 % | 19.635 | 8.1813 
Z 3 5.6728 |1.2704 y 20.129 8.4010 
fa 3 5-9396 |1.3611 a 20.629 8.8103 
: : ; 2126 |I.4561 4g 2135 9.1366 
& T 4919 |1.5553 y 21.648 9.4708 
a % | 6.7771 |1.6500 || # | 22.166 | 9.8132 
A 3 | 7.0686 |1.7671 || 44 | 22.601 | 10.164 
‘ ; u 7.3663 |1.8790 # 23.222 | 10.522 
a 16 7.6609 |1.9074 2 23.758 | 10.889 
ts os 7-9798 |2. 1106 # 24.302 | I1.265 
iu m 8.2057 |2.2468 cy 24.850 | 11.649 
i; ; 8.6180 |2.3780 % 25.405 | 12.041 
te 8.0461 |2.516 
re ; -SIOr $ | 25.967 | 12.443 
iA a 9.2805 |2.6586 || 33 26.535 | 12.853 
Fe epee tad eet 
$ I te sonaen oa # pete ten 
; : 3.1177 |/3. 28.2 
A = +274 | 14.137 
uk a : 10.680 |3.2818 te 29.465 | 15.0390 
Il.044 |3.4514 t 30.680 
# q. #0 «Tr. 416 6 ante 
ee # [11.793 io Tae ee 
# a ag os 3.9083 t | 33.783 | 17.974 
# 2. 2. 19.566 3.9956 ts 34.472 | 19.031 
lea. SOO ing 4.1888 # | 35.784 | 20.129 
ates x ea 4.3882 || ye | 37.122 | 21.268 
% eis ay 13.772 ee 4 pea rg omar 
# | 2. terete cae eRe ee 
H | 2. ok SPENT Bake! $ | 41.283 | 24.042 
I. 3. - ike 7 eee t | 42.719 | 26.254 
aa le elas e 5.4809 jt | 44.279 [127.623 
artis oa Hee A ae hae te | 45.664 | 29.016 
* an * fen 4 e 42 t 47-173 | 30.466 
tal53: te ecics can Pearle 
b Pad: -4751 [I 4. 50.265 33-510 


TABLE 25.—SURFACES AND VOLUMES OF SPHERES—(Con 
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(From Trautwine’s Civil Engineers Pocket-Book) 


ae ot eke Gg fore Tie 8 6..4°S 
3 oy TE aes | FSI . og a . Sse ; 
PP EELon cee 
aH| dg | 828 [A"| 22 | £2 f*| 28 [83 
% | 51.848 | 35.106] 4 | 415-48 | 796.33|| % | 1360.0 | 4763.0 
} 53-456 | 36.751|| & | 424.56 | 822.58]| 27. 1385.5 | 4849.1 
ay 55.089 | 38.448|| 2% | 433-73 | 849.40]| 4% 1402.0 | 4936.2 
4 | 56.745 | 40.195|| % | 443-01 | 876.79]| 4% | 1418.6 | 5024.3 
ts 58.427 | 41.994]|| 12. 452.39 | 904.78|| 3% 1435-4 | 5113.5 
# | 60.133 | 43.847)) $ | 461-87) 933-34)! 4 | 1452.2 | 5203.7 
vs | 61.863 | 45.752|| % | 471-44 | 962.52|| & | 1469.2 | 5295.1 
4 | 63.617 | 47.713]! # | 481.11 | 992.28|| 2% | 1486.2 | 5387.4 
¥ | 65.307 | 49.729] 4 | 490.87 |1022.7 3 | 1503.3 | 5480.8 
§ | 67.201 | 52.80r|| § | 500.73 |1053.6 ||22. 1520.5 | 5575-3 
14 69.030 | 53.929 z 510.71 |1085.3 3 1537-9 | 5670.8 
2 70.883 | 56.116 ¥ | 520.77 |1117-5 3 1555-3 | 5767.6 
3 72.759 | 58.359||13- 530.93 |1150.3 ||, # 1572.8 | 5865.2 
} 74.663 | 60.663|| 4% | 541.19 |1183.8 || 3 1590.4 | 5964.1 - 
#$ | 76.589 | 63.026|| 4 | 551.55 |1218.0 || # | 1608.2 | 6064.1 
5S 78.540 | 65.450|| 562.00 |1252.7 z 1626.0 | 6165.2 
ts 80.516 | 67.935 4 | 572.55 |1288.3 t 1643.9 | 6267.3 
4 | 82.516 | 70.482|| % | 583.20 |1324.4 ||23. 1661.9 | 6370.6 
& 84.541 | 73.092|} % | 593.95 |1361.2 t 1680.0 | 6475.0 
3 86.591 | 75.767 ¥ | 604.80 |1398.6 S 1698.2 | 6580.6 
id 88.664 | 78.505]| 14. 615.75 |1436.8 * 1716.5 | 6687.3 
3 90.763 | 81.308|| 4 | 626.80 |1475.6 || 4} 1735-0 | 6795.2 
is 92.887 | 84.178 3 637.95 |I515.1 2 1753-5 | 6904.2 
3 ae 87.113|| 3% | 649.17 |1555.3 - 1772.1 | 7014.3 
* 97.205 | 90.118 % | 660.52 {1506.3 $ 1790.8 | 7125.6 
3 99.401 | 93.189 3 671.95 |1637.9 || 24. 1809.6 | 7238.2 
# 101.62 | 96.331 z 683.49 |1680.3 + 1828.5 | 7351.9 
2 103.87 | 99.541 # | 695.13 |1723.3 || 4 1847.5 | 7466.7 
32 106.14 | 102.82/|15. | 706.85 |1767.2 % | 1866.6 | 7583.0 
; 108.44 | 106.18 4 | 718.69 |1811.7 3 1885.8 7700.1 
1g II0.75 | 109.60 2 | 730.63 |1857.0 3 1905.1 7818.6 
6. 113.10 | 113.10|| % | 742.65 |1903.0 2 1924.4 7038.3 
$ 117.87 | 120.31 4 | 754.77 |1949.8 3 1043.9 8050.2 
7 pau 127.83 i 767.00 |1907.4 ||25. 1963.5 Sx83.5 
127.68 | 135.66 Z -32 : 
3 132.73 | 143.79 i cia» my ; ane pe 
$ 137.89 | 152.25]|16. 804.25 |21 ; meng (mee | 
i -25 [2144.7 ? 2022.9 | 8554.9 
3 143.14 | 161.03 E 816.85 |2105.3 3 2042.8 | 8682.0 
: i 148.49 | 170.14 2 829.57 |2246.8 | § 2062.9 shine | 
A ee 5 ; 
: 53-94 | 179.59 ? 842.40 |2209.1 || # 2083.0 | 8930.9 
159.49 189.39 3 855.29 |2352-.1 t 2103.4 | 9070.6 ] 
3 165.13 | 199.53 : 868.31 |2406.0 ) 26. aray.¥ on0s.8 
3 170.87 | 210.03 ? 881.42 |2460.6 3 2144.2 | 93. y 
3 176.71 | 220.89 % | 804.63 2516.1 |] 2 ax65.4 = 
i 182.66 | 232.13]/ 17. 7 57 wt 
7 907.93 |2572.4 || 4% 2185.5 | 9606.7 
3 188.69 | 243.73 Pa 921.33 |2620.6 | 3 2206.2 | 97 ; 
t 194.83 | 255.72 2 | 934.83 [2687.6 ae 
3 "i T< i 2227.1 | 9882.5 
4 201.06 | 268.08 i 948.43 [2746.5 ) i 2248.0 |10 : 
} 207.39 | 280.85} a 962.12 |2806.2 | : s6p.x brs 
; ee 204.01) i 975.91 |2866.8 |] 27. 2200.8 ‘eat 
220.3 307.58 2 980.80 | 2028.2 : 
4 226.98 | 321.56 q 100: - as Ee 
ws 3-8 |2000.5 2 
$ 233.71 | 335.05// 18. IOI7.9 |3053.6 : ES RS 
: aes 95 x 2354.3 |10741 
40.53 | 350.77 ; 1032.1 /3117 
; a Se i 2375.8 |10889 
47-45 | 366.02 4 [1046.4 |3182.6 i 2397 
254.47 | 381.70) $ |1060.8 /3248.5 2 mete: aa 
261.59 | 307.83|| 4 |ro : : 
75.2 z5. 
t 268.81 414.41| $ |1089.8 a : = ne yas 
t 276.12 | 431.44 } us sans hase 
. Il04.5 |3451. 
b) 283.53 | 448.02|| = |xrr10.3 ert ea - end xa 
; see _ 466.87] ro. II34.Ir |3501.4 i 2529.5 ae 
208.65 | 48 
: see = x : “ES 3662.8 3 2551.8 |1212r 
iy. Tia eet : chief 3735.0 3 2574.3 |1228r 
; 3 4 79.3 [3808.2 3 2506.7 |12443. 
322.0 543.48 4 |1104.6 |3882 em 
t | 330.06 | 563.86]! 4 |rar0.0 [3 = sodisecne 
i 338.16 | 584.74 } 122g, wih ae pe bor 
H Page +4 [4033.7 3 2665.0 |12036 
346.3 606.13 t I24I.0 /41r10.8 a 268 
t | 354.66 | 628.04||20. |r256.7 arg : pd as 
} sesaqe heaede : wes pet ? 2710.9 |13272 
t | 371.54 | 673.42/| 4 |ross.3 oe HD Rides 0 ci 
co oe . 4347.8 5 2757.3 |136 
3 13 | 606.01 # |1304.2 |4428.8 2 ry 
F sib ke [eee 428. 4 2780.5 |13787 
95 } /1320.3 |4510.9 t 
i sorte ese 1 eee ates x 2804.0 |1396r Fs 
: . \. 2827. ; 
t | 406.49 | 770.64/| 2 |1352.7 4677.9 et | 


MATHEMATICAL TABLES 


Dod 
TABLE 26.—Squares, Cuses, Square Roots, Cuse Roots, REcrPROCALS, CIRCUMFERENCES AND CIRCULAR AREAS 
: ' Cu. 1000 X No. = Dia. Sq. (Olek 1000X No. = Dia. 
No./Square| Cube Sq. root j No. | Squa Cub: ; : 
2 ‘a root | recip. Circum.| Area Lots : root | root recip. |Circum.| Area. 
I I I |I.0000-j|I.0000] 1000.000 3.142 -7854 70| 4900 343,000 |8.3666 |4.1213 I4.2857| 219.91] 3848.45 
2 4 8 |1.4142 |1.2590| 500.000 6.283 3.1416 71} 5041 357,90II |8.426r |4.1408 14.0845] 223.05] 3959.19 
3 9 27 ME S20 Us 4422) 63330333 9.424 7.0686 72) 5184 373,248 |8.4853 |4.1602 13.8889] 226.19] 4071.50 
4 16 64 |2.0000 |1.5874] 250.000 12.566 12.5664 73] 5329 389,017 |8.5440 |4.1793 13.6986| 229.34] 4185.39 
5 25 I25 {2.2361 |1.7100| 200.000 15.708 19.6350 74| 5476 405,224 |8.6023 |4.1083 I3.5135| 232.48] 4300.84 
6 36 216 {2.4495 |1.8171| 166.667 18.850 28.2743 75| 5625 421,875 |8.6603 |4.2172 I3.3333| 235.62] 4417.86 
ih 49 343 |2.6458 |r.9120| 142.857 21.901 38.4845 76| 5776 438,976 |8.7178 14.2358 13.1579| 238.76] 4536.46 
8 64 512 |2.8284 |2.0000| 125.000 25.133 50.2655 77| 5929 456,533 18.7750 14.2543 I2.9870| 241.90| 4656.63 
9 8I 729 |3.0000 |2.0801] I1II.III 28.274 63.6173 78) 6084 474,552 |8.8318 |4.2727 12.8205] 245.04] 4778.36 
ro} r00 1,000 |3.1623 |2.1544| 100.000 31.416 78.5398 79| 6241 493,039 |8.8882 |4.2908 12.6582] 248.19] 4901.67 
pat Lar I,33I |3.3166 |2.2240 90.9091} 34.558 95.0332 80! 6400 512,000 |8.9443 |4.3089 I2.5000| 251.33] 5026.55 
I2| 144 1,728 13.4641 |2.2894 83.3333| 37.600] 113.007 81] 6561 531,441 |9.0000 |4.3267 I2.3457| 254.47] 5153.00 
I3} 169 2,197 |3.6056 |2.3513 76.9231) 40.841] 132.732 82| 6724 551,368 9.0554 |4.3445 I2.1951| 257.61] 5281.02 
4} 106 2,744 |3.7417 |2.4101 71.4286] 43.982) 153.938 83] 6889 571,787 |9.1104 |4.3621 12.0482] 260.75] 5410.61 
I5} 225 35375 |3.8730 |2.4662 66.6667} 47.124] 176.715 84] 7056 592,704 |9.1652 |4.3795 II 9048] 263.80) 5541.77 
16| 256 4,006 |4.0000 |2.5108 62.5000] 50.265) 201.062 85] 7225 614,125 |9.2195 |4.3068 Il.7647| 267.04] 5674.50 
I7{ 289 4,913 {4.1231 |2.57133 58.8235] 53.407| 226.980 86| 7306 636,056 |9.2736 |4.4140 II.6279| 270.18] 5808.80 
18} 324 5,832 |4.2426 |2.6207] 55.5556] 56.540] 254.460 87| 7569 658,503 |9.3274 |4.4310 II.4943] 273.32] 5944.68 
19} 361 6,859 |4.3589 |2.6684 52.6316] 59.690] 283.529 88) 7744 681,472 |9.3808 |4.4480 IL.3636] 276.46] 6082.12 
20} 400 8,000 14.4721 |2.7144 50.0000] 62.832| 314.159 89] 7921 704,969 |9.4340 |4.4647 II.2360| 279.60] 6221.14 
Blin 44h 9,262 14.5826 |2.7589 47.6190| 65.973] 346.361 90] 8100 729,000 |9.4868 |4.4814 LL. Trrr| 282-74)" 16367373 
22] 484 10,648 /4.6904 |2.8020 45.4545] 60.115} 380.133 OI] 8281 753,57I |9.5394 14.4979 10.9890] 285.88] 6503.88 
23} 529 12,167 |4.7958 |2.8439 43.4783] 72.257) 415.476 92| 8464 778,688 |9.5017 |4.5144 10.8696| 289.03] 6647.61 
24| 576 13,824 |4.8900 |2.8845 41.6667} 75.398} 452.389 93} 8649 804,357 |0.6437 |4.5307 10.7527| 292.17] 6792.91 
25} 625 15,625 |5.0000 |2.9240 40.0000] 78.540) 490.874 94| 8836 830,584 |0.6954 |4.5468 10.6383] 205.31| 6939.78 
26| 676 17,576 |5.0990 |2.9625 38.4615] 81.681] 530.929 95] 9025 857,375 |9.7468 |4.5629 10.5263] 2098.45| 7088.22 
27) 07290 19,683 (5.1962 |3.0000 37.0370| 84.823] 572.555 96| 9216 884,736 |9.7080 |4.5789 I0.4167| 301.59| 7238.23 
28} 784 21,952 |5.2015 |3.0366 35.7143) 87.9065| 615.752 97| 9409 912,673 |9.8489 |4.5047 10.3093} 304.73} 7389.81 
290; 84r 24,389 {5.3852 |3.0723 34.4828] 91.106| 660.520 98] 9604 941,192 |9.8005 |4.6104 I0.2041| 307.88] 7542.96 
30} 900 27,000 {5.4772 |3.1072 33-3333] 94.248] 706.858 99| 9801 970,299 19.9499 |4.6261 IO.1010| 311.02] 7697.69 
31) 961 290,791 {5.5678 |3.1414 32.2581] 97.3890} 754.768 I00] 10,000 I,000,000/1T0.0000| 4.6416] 10.0000 314.16 7,853.98 
32| 1024 32,768 {5.6569 |3.1748 31.2500] 100.531| 804.248 IOI] 106,201 I1,030,301/10. 0499|4.6570| 9.900909 | 317.30 8,011.85 
33] 1089 35,937 |5.7446 |3.2075 30.3030] 103.673] 855.299 I02| 10,404 I,061,208/10.0995|4.6723| 9.803092 | 320.44 8,171.28 
34| 1156 39,304 |5.8310 |3.2306 29.4118| 106.814] 907.920 I03| 10,609 I,092,727|10.1489|4.6875| 9.70874 | 323.58 8,332.20 
35] 1225 42,875 {5.9161 |3.2711 28.5714| 109.956} 962.113 104} 10,816 I,124,864|10.1980/4.7027| 9.61538 | 326.73 8,494.87 
36} 1206 46,656 |6.0000 |3.3019 27.7778| 113.097] 1017.88 I05| 11,025 I,157,6025|10.2470/4.7177| 9.52381 | 329.87 8,659.07 
37| 1360 50,653 |6.0828 |3.3322|  27.0270| 116.239] 1075.21 106} 11,236] 1,191,016|/10. 2956|/4.7326| 9.43396 | 333.01 | 8,824.73 
38) 1444 54,872 |6.1644 |3.3620 26.3158| 119.381] 1134.11 107] I1,449 1,225,043|10.3441|4.7475| 9.34579 | 336.15 8,992.02 
39] 1521 59,319 |6.2450 |3.3912 25.6410] 122.522] 1194.59 108| 11,664 1,259,712/10.3923/4.7622| 9.25926 | 339.29 9,160.88 
40| 1600 64,000 |6.3246 |3.4200 25.0000| 125.66 | 1256.64 Io9| 11,881 I,295,029/10.4403|4.7769| 9.17431 | 342.43 9,331.32 
A4Ij| 1681 68,92r [16.4031 |3.4482 24.3902| 128.81 | 1320.25 TIO} 12,500 I,331,000|T0.4881\4.7914| 9.09091 | 345.58 ee 
42| 1764 74,088 |6.4807 |3.4760 23.8095] 131.95 | 1385.44 De el 27 3 2 1,367,631/10.5357|4.8059| 9.00901 eae a -89 
43| 1849 79,507 |6.5574 |3-5034| 23.2558] 135.09 | 1452.20 II2} 12,544]  1,404,028|/10.5830/4.8203] 8.92857 | 351.8 oy dee 
44| 1936 85,184 |6.6332 |13.5303| 22.7273| 138.23 | 1520.53 II3| 12,760} 1,442,897|10.6301|4.8346] 8.84056 | 355.00 eapotee 
45| 2025 91,125 |6.7082 |3.55690 22.2222| I41.37 | 1590.43 II4| 12,996 1,481,544/10.6771/4.8488| 8.771903 | 358.14 | 10,207.0 
46| 2116 97,336 |6.7823 |3.5830 21.7391| 144.51 | 1661.90 II5| 13,225 I,520,875|10.7238)\4.8620| 8.60565 ae aa 
47| 2209 103,823 |6.8557 |3.6088 21.2766| 147.65 | 1734.94 116| 13,456 1,560,896|10.7703)4.8776] 8.62069 Sue = -3 
48| 2304 T10,592 6.9282 |3.6342| 20.8333] 150.80 | 1809.56 I17| 13,689] 1,601,613}10.8167|4.8010 Gel gbee 367.57 ee 
49| 2401 117,649 |7.0000 |3.6503| 20.4082] 153.94 | 1885.74 118} 13,024]  1,643,032/10.8628/4.9049| 8.47458 | 370.71 ee 
50} 2500 I25,000 |7.0711 |3.6840 20.0000] 157.08 | 1963.50 II9| 14,161 1,685,159|10.9087|4.9187| 8.40336 | 373.85 | I1,122. 
51] 260r 132,051 7.1414 |3.7084 19.6078] 160.22 | 2042.82 I20| 14,400 1,728,000]10.9545 ee ee ide: ee 
52| 2704 140,608 |7.2111 |3.7325 I9.2308| 163.36 | 2123.72 I21| 14,641 1,771,501|£1.0000|4. 9461 BY: 44 380. 3 oe F 
53| 2800 148,877 |7.2801 |3.7563 18.8679| 166.50 | 2206.18 122| 14,884 1,815,848/11.0454/4.9507| 8.10672 | 383.27 | I1,680.9 
54| 2916 157,464 17.3485 |3.7798 18.5185] 169.65 | 2290.22 I23| 15,120 1,860,867 |I1.09005|/4.9732] 8.13008 | 386.42 se 
55] 3025 166,375 |7.4162 |3.8030| 18.1818] 172.79 | 2375.83 124] 15,376] 1,906,624)11.1355/4.9866/ 8.06452 | 389.56 | 12,076.3 
5 FO | 22,a75.8 
56) 3136 175,016 |7.4833 |3.8259 17.8571] 175.93 | 2463.01 125| 15,625 ng Sy or IT, 1803 ae ee oe Hy Br . 
57| 3249 185,103 |7.5408 |3.8485| 17.5439] 179.07 | 2551.76 126 cms Eo ucohewans nee ere er ; 
82.21 | 2642.08 127| 16,129 2,048,383/I1. 2604/5. .87402 . ‘| : 
58) 3304 cid inet ieee eget sy pla : 128] 16,38 2,007,152|11.3137|5.0397| 7.81250 | 402.12 | 12,868.0 
50| 3481 205,379 |7-6811 |3.8030] 16.9492] 185.35 | 2733.97 ie Pease Saamullenmess 05.27 | 13,060.8 
60] 3600 216,000 |7.7460 |3.9149 16.6667| 188.50 | 2827.43 129| 16,641 2,146,689|11.3578/5.052 7.75194 | 405.27 FaO9" 
5 5 7.6 08.41 | 13,273.2 
61] 3722 226,981 ~|7.8102 |3.9365| 16.3934] 191.64 | 2022.47 130 bP i ee iE pane : ee ws 2 oe ales 
8 | 3019.07 I31I]} 17,101 1246,00 : 9:07 , aS : Y ’ coat 
62) 3844 238,328 |7.8740 |3.9579] 16.1290] 194.7 ae Bade 65 Ns esies 
.25 I32| 17,424 2,200,068|11.4801/5.0016] 7.5757 414. , . 
63] 3069 250,047 |7-9373 |3-9791 15.8730] 197.92 | 3117.2 bas ae aaaoare 
64] 4096 262,144 |8.0000 |4.0000 15.6250] 201.06 | 3216.90 133] 17,680 2,352,037 eaten osawel ee ee $ as 
65) 4225 274,625 |8.0623 |4.0207 15.3846] 204.20 | 3318.31 134| 17,956] 2,406,104/11.5758|5.1172| 7.46260 | 4 7 , 
3 40741 | 424.12 | 14,313.9 
66} 4356 287,406 |8.1240 |4.0412| 15.1515] 207.35 eave oF ree oo ak fe : anos ve ne ee : 
i 525.65 13 18,49 +515, ‘ na +3526 : 526. 
67! 4480 300,763 |8.1854 |4.0615 14.9254] 210.49 | 3 ae 7.29927 | 430.40 | 14,741.12 
-63 | 3631.68 137| 18,769 2,571,353|/I1.7047|5.1551| 7.2992 30. , 
68] 4624 314,432 |8.2462 |4.0817 14.7059} 213 iM onrtE 
69] 4761 328,509 |8.3066 [4.1016] 14.4928] 216.77 | 3739-28 SSS NIROO94 5 8 G38 074th 7478s TO7Ol 724038 N43 SAE ORS 


538 b 
TABLE 26.—SQUARES, CuBES, SQUARE Roots, CUBE Roots, RECIPROCALS, CIRCUMFERENCES AND CIRCULAR ARE 
=Di : Cu. 1000 X 
Sa. Cu. 1000 X No. = Dia. No.|§ Cub Sq. 
3 quare ube > 
No. | Square Cube root root recip. Circum. Area toot | root aeetes 
139| 19,321 2,685,619|11.7898|5.1801| 7.10424 | 436.68 | 15,174.7 208| 43,264| 8,998,912 hepsi ee a eA 2) 4.80769 
140| 19,600] 2,744,000/11.8322|5.1925| 7.14286 | 439.82 | 15,393.8 209, 43,681} 9,129,329 14.4568)5.9345| 4.78469 
141| 19,881]  2,803,221/11.8743|5.2048] 7.09220 | 442.06 | 15,614.5 210, 44,100} 9,261,000, 14.4914/5-9439) 4.76190 
142| 20,164 2,863,288|11.9164|5. 2171 7.04255 | 446.11 5,836.8 2II| 44,521 9,393,931|14.5258|5 .9533 4-73934 
143] 20,449] 2,924,207|11.9583]/5.2293| 6.99301 | 449.25 | 16,060.6 212] 44.944] 9,528,128/14.5602|5.9627) 4.71698 
144| 20,736 2,985,984|12.0000/5.2415| 6.94444 | 452.39 | 16,286.0 213} 45,369| 9,663,597\14.5945|/5-9721, 4-69484 
145| 21,025 3,048,625|12.0416|5.2536| 6.80655 | 455.53 | 16,513.0 214] 45,796|  9,800,344|/14.6287|5.9814) 4.67290 
146] 21,316 3,112,136|/12.0830|5.2656| 6.84932 | 458.67 | 16,741.5 215| 46,225 9,938,375|14.6629'5.9907| 4.65116 
147| 21,600 3,176,523|12.1244/5.2776| 6.80272 | 461.81 | 16,071.7 216| 46,656} 10,077,696|14.6969|6.0000| 4.62963 
148} 21,904 3,241,792|12.1655|5.2806] 6.75676 | 464.96 | 17,203.4 217| 47,089| 10,218,313|14.7309,6.0092| 4.60829 
149] 22,201 3,307,949|12.2066/5.3015| 6.71141 | 468.10 | 17,436.6 218] 47,524| 10,360,232|14.76486.0185| 4.58716 
I50| 22,500]  3,375,000|12.2474|5.3133| 6.66667 | 471.24 | 17,671.5 219] 47,961] 10,503,459|14.7986|6.0277| 4.56621 
I5I| 22,801 3,442,951/12. 2882/5.3251| 6.62252 | 474.38 | 17,907.9 220} 48,400] 10,648,000/14.8324 6.0368 4-54545 
I52| 23,104 3,511,808/12.3288|5.3368| 6.57805 | 477.52 | 18,145.8 221} 48,841} 10,793,861|/14.8601'6.0459| 4.52489 
153] 23,409 3,581,577|12.3693/5.3485| 6.53505 | 480.66 | 18,385.4 222| 49,284] 10,941,048/14.8997/6.0550| 4.50450 
I54| 23,716)  3,652,264/12.4097|/5.3601| 6.49351 | 483.81 | 18,626.5 223) 49,729} 11,089,567/14.9332/6.0641| 4.48431 
I55| 24,025 3,723,875|12.4499|5.3717| 6.45161 | 486.05 | 18,869.2 224] 50,176] 11,239,424|14.9666|6.0732| 4.46429 
156! 24,336 3,796,416/12.4900/5.3832| 6.41026 | 490.09 | 19,113.4 225| 50,625) 11,390,625|15.0000\6.0822| 4.44444 
I57| 24,649 3,8609,893/12.5300|5.3047| 6.36043 | 493.23 | 19,359.3 226] 51,076] 11,543,176|/15.0333|6.0912| 4.42478 
158] 24,964 3:944,312/12.5698|5.4061] 6.32911 | 496.37 | 19,606.7 227| 51,529| 11,697,083/15.0665 6.1002) 4.40529 
I59|° 25,281 4,019,679|12.6005|5.4175 6.28931 | 499.51 | 19,855.7 228) 51,984] 11,852,352/15.0097/6.1091| 4.38506 
160] 25,600 4,096,000/12.6491|5-4288] 6.25000 | 502.65 | 20,106.2 229] 52,441| 12,008,989/15.1327/6.1180| 4.36681 
I61| 25,921 4,173,281/12.6886/5.4401] 6.21118 | 505.80 | 20,358.3 230! 52,900! 12,167,000)15.1658.6.1269| 4.34783 
162» 26,244 4,251,528|12.7279|5-4514| 6.17284 | 508.94 | 20,612.0 231) 53,361) 12,326,391|15.1987|/6.1358| 4.32900 
163] 26,569 4,330,747|12.7671|5.4626| 6.13497 | 512.08 | 20,867.2 232| 53,824) 12,487,168/15.2315|6.1446| 4.31034 
164) 26,896] 4,410,044|12.8062|5.4737| 6.09756 | 515.22 | 21,124.1 233} 54,289) 12,640,337|/15.2643/6.1534| 4.20185 
165} 27,225 4,492,125|12.8452)/5.4848| 6.06061 | 518.36 | 21,382.5 234| 54,756| 12,812,904/15.20971/6. 1622 4.27350 
on see 4:574,296|12.8841/5.4959| 6.02410 | 521.50 | 21,642.4 235] 55,225] 12,077,875|15.3297|6.1710| 4.25532 
107| 27,880} 4,657,463|12.9228|5.5060/ 5.98802 | 524.65 | 21,904.0 236) 55,696] 13,144,256|15.3623/6.1797| 4.23720 
168} 28,224 4,741,632|/12.9615|5.5178| 5.95238 | 527.79 | 22,167.1 237| 56,169 13,312,053|15.3948/6.1885 4.21041 
169| 28, | 
a a ee icles any ee eis 530.93 | 22,431.8 238} 56,644 13,481,272/15.4272,6.1972 4.20168 
pe a pee 3- oe +5397} 5.88235 | 534.07 | 22,608.0 239] 57,121) 13,651,919'15.4596/6.2058| 4.18410 
’ 5, »2I1/13.07607|5-5505|} 5.84795 | 537.21 | 22,065.8 240| 57,600 13,824,000/15.4919 6.2145 4.16667 
172] 29,584 5,088,448]/13.1149|5-5613] 5.81395 | 540.35 23,235.2 241| 58,081] 13,907 52115 524216 2231 4s 
I 20, ep : : pats ‘ Pe ; 
73| 29,929 5°177,717)13.1529|5-5721| 5.78035 | 543.50 | 23,506.2 242) 58,564 14.172.488|25 3563 6.2317] 4.13223 
I 0,276 »268, : +58: ‘ 
abs is Be : = hee 5 jae : ae rica ie 23,778.7 243| 59,049 14,348,007 |15.5885/6.2403 4.11523 
, 1359, : ° -71429 | 549.78 | 24,052.8 244| 59,536| 14,526,784/15.6205 6.2488 
176| 30,076 5,451,776|13.2665'5.6041| 5.68182 | 5 : we hepa (eae 29623 +e 
451, E 52.92 | 24,328.5. 245| 60,025} 14,706,125'15.65256.2 
177| 31,329 5,545,233]13.3041/5-6147| 5.64072 | 556.06 | 2 ; GOP pipes ear mick. 
. é 4,605.7 246) 60,516] 14,886,936 6 
178] 31,68 , 1880,030/15 .6844'6.2658} 4.06504 
78! 3 4 5,639,752/13.3417|5-6252| 5.61798 | 550.20 24,884.6 247| 61,000 15,069,223 |15.716216.2743 4.04858 
I79| 32,041 5»735,339|13.3791/5-6357| 5.58659 | 562.35 | 25,16 . 
180] 32,400} 5,832,000}13.4164|5.6462] 5.55556 565.40 Sey ht 248} 61,504] 15,252,092 15. 7480/6 .2828 4.03226 
181) 32,761] §,920,741|13.4536|5-6567| 5.52486 | 568.63 | 25,730.4 seal <Sxcocl  eaabeaed) 38-7797 16 sone) a antes 
182/ 33,124]  6,028,568]13.4907|5.6671| 5.49451 | 571.77 | 26,015.5 aes a. peipnaphed biped, Miaiexts (> orm 
183] 33,489 6,128,487/13.5277|5-6774] 5.46448 | 574.01 | 26 302.2 252 Hangs panne ain epee Wack sg 
i E , »003,008/15.8745'6.3164) 3.096825 
184] 33,856 6,229.504/13.5647|5 -68 
, : -6877| 5.43478 8.0 
185] 34,225]  6,331,625|13.6015|5.6980 raat’ seh ee Sp 253) 64,000 16,194,277) 15.9060 6.3247] 3.05257 
186| 34,596] 6,434,856]13.6382|5.7083| 5.37634 ae oe Mien Be 76,387,064/15 .9374/6.3330] 3.93701 
187) 34,969] — 6,530,203/13.6748|5. 7185 5.34759 | 587.48 CAs i 255| 65,025 16,581,375 /15.0687/6.3413| 3.02157 
188) 35.344) 6,644,672/13.7113|5.7287| 5.31015 ee circ te a — sip desta begee gs 3.00625 
3 : $ 1049) 16,074,5903/16.0312/6.3570 5 
189] 35,721 6,751,269|13.7477|5.7388 5.20101 | 5093.76 | 8,055.2 3579} 3.80105 
190] 36,100]  6,859,000|13.7840|5-7489| §.26316 | $06.00 | 28 3¢2, aol er sod]  22273:S12/16.0624/6.3661] 3.87597 
TOI] 36,481 6,967,871/13.8203/5-7500| 5.23560 Gaoied ee 259] 67,081) 17,373,979) 16.0035|6.3743 3.86100 
192] 36,864 7,077,888 /13.8564|5.7600| 5.20833 San fe eri rt 67,600) 17,576,000 16.1245/6.3825| 3.84615 
193) 37,249) —7,180,057|13.8924|5.7700| 5.18135 | 606 33 29,255.3 aah reo sep a . eee 
: as 044) 17,084,728]16.1864/6.3088] 3.81679 
194] 37,636 7,301,384|13.9284/5.78 | ; ; 
ass : +7890) 5.15464 | 600. 
795) 38,025/ —7,414,875|13.0642|5. 7080] 5. en a ne at re 263) 69.169) | 18,1091,447/16.2173/6.4070| 3.80228 
196] 38,416] —_7,520,536/14. 00015-8088 ‘ eas 264) 69,696] 18,300,744/16.2481/6.4151| 3.78788 
‘ 5.10204 | 615.75 | 30,171.9 26 Sere 
197} 38,800 7,645,373]14.0357|5- 8186 5.07614 | 618.89 | 30,480 sacl wea cain eee Sayeee 
198] 309,204 7,762,392]14.0712|5-8285 5.05051 | 622.04 cere pe 18,821,006/16.3005/6.4312 3.75940 
‘ Mes 207) 71,280] 10,034,163/16.3401/6. 
I99/ 39,601 7,880,599|14.106715.8383] 5.02513 say ahh eeaace 34 4393) 3.74532 
200/ 49:00; 8,000,000/14.1421/5.8480/ §.00000 | 628.32 | 31.415. rool ez4] | 19+248.832]16.3707]6.4473| 3.73134 
201) 40,401) — 8,120,601|14.1774|5.8578| 4.97512 631.46 3r, tee 209) 72,361/ 19,465,109/16. 4ora/6.4553 3.71747 
202! 40,804 8,242,408)14.2127 5.8675] 4.05050 Pein nar 270| 72,900) 10,683,000/16. 4317 6.4633] 3.70370 
203) 41,209/  8,365,427|14.2478|5.8771| 4.02621 | 637.74 | g2.a6¢.¢ aval sotds|  1290251|16.46at/6.a713] 3.69004 
r 1395.5 272! 73,084 20,123,648/16. 4924/6.4702 3.67647 
204/ 41,616) —8,480,664/14. 2820/5 .8868 si 
205] 42,025| 8,6 Seon ee | omereanE auroesar 273! 74,520| 20,346 
015,125 /14.3178/5.8964| 4.87805 | 644.03 | 33,006 349,417/16.5227/6.4872| 3.66300 
206| 42,436 8,741,816/14.3527/5.9050 4.85439. neaasee iS 274| 75,076] 20,570,824|16, 5520 6.4951| 3.64064 
, : . 3 
207| 42,849 8,869,743/14.3875|5.0155 4.83092 | 650.31 | 33,653.5 ae a oto rele ae 
70,17 21T,024,576116.6132|6. 5108 3.62310 
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As—(Continued) 


| No. = Dia. 


Circum.| Area 
33,979.5 

34,307. 
34,636. 
34,966. 
35,298. 


653-45 
656.59 
659-73 
662.88 
666.02 


669.16 
672.30 
675-44 
678.58 
681.73 


684.87 
688 .o1 
691.15 
694-29 
697-43 


700.58 
703-72 
706.86 
710.00 
713-14 


716.28 
719-42 
722.57 
725-71 
728.85 


731.99 
735-13 
738 .27 
741.42 
744.56 


747-79 
750.84 
753-98 
757-12 
760.27 


763.41 
766.55 
769.69 
772.83 
775-97 


779.12 
782.26 
785.40 
788.54 
791.68 


794.82 
797-96 
| 8or.1r 
804.25 
| 807.39 


| 810.53 
813.67 
816.81 
8190.06 
823.10 


826.24 
820.38 
832.52 
835.66 
838.81 


841.05 
845.09 
848.23 
851.37 
854.51 


857.66 
860.80 
863.04 
867.08 


35,632. 
35,968. 
36,305. 
36,643. 
36,983. 


37,325- 
37,668. 
38,013. 
38,359. 
38,707. 


39,057. 
39.408. 
39,760. 
40,115. 
40,470. 


40,828. 
41,187. 
41,547. 
41,900. 
42,273. 


42,638. 
43,005. 
43,373. 
43,743. 
44,115. 


44,488. 
44,862. 
45,238. 
45,616. 
45,906. 


46,377. 
46.759. 
47,143. 
47,529. 
47,016. 


48,305. 
48,605. 
49,087. 
49,480. 
40,875. 


50,272. 
50,670. 
51,070. 
51,471. 
51,874. 


52,279. 
52,685. 
53,002. 
53,502. 
53,912. 


54,325. 
54+739. 
55,154. 
55,571. 
55,990. 


56,410. 
56,832. 
57,255. 
57,680. 
58,106. 


58,534. 
58,064. 
59,395. 
50,828. 


° 
I 
% 
9 
7 
I 
o 


5 
6 


3 
5S 


3 
6 


6 


I 
ba 
8 
° 
8 


I 
I 
6 
6 
3 


5 
3 
6 


5 
° 


I 
7 
9 


7 
3 


° 
5 
$ 
2 


4 


bg 
5 
4 
9 
9 


WADHNH OH OW W 


on UMN 


ar avo 


Cu. 
Toot 


6.5187 
6.5265 
6.5343 
6.5421 
6.5499 


6.5577 
6.5654 
6.5731 
6.5808 
6.5885 


6.5962 
6.6039 
6.6115 
6.6101 
6.6267 


6.6343 
6.6410 
6.6404 
6.6560 
6.6644 


6.6710 
6.6704 
6.6869 
6.6943 
6.7018 


6.7002 
6.7166 
6.7240 
6.7313 
6.7387 


6.7460 
6.7533 
6.7606 
6.7679 
6.7752 


6.7824 
6.7807 
6.7969 
6.8041 
6.8113 


6.8185 
6.8256 
6.8328 
6.8399 
6.8470 


6.8541 
6.8612 
6.8683 
6.8753 
6.8824 


6.8894 
6.8064 
6.9034 
6.9104 
6.9174 


6.9244 
6.9313 
6.9382 
6.9451 
6.9521 


6.9589 
6.9658 
6.9727 
6.9795 
6.9864 


6.9932 
7.0000 
7.0068 
7.0136 


1000 X 
recip. 


3.61011 
3.59712 
3.58423 
3-57143 
3.55872 


3.54610 
3.53357 
3-52113 
3.50877 
3.49650 


3.48432 
3.47222 
3.46021 
3.44828 
3-43643 


3.42466 
3.41207 
3.40136 
3.38083 
3.37838 


3.36700 
3-35570 
3-34448 
3 -33333 
3.32226 


3.31126 
3-30033 
3.28047 
3.27860 
3.26797 


3-25733 
3.24675 
3.23625 
3.22581 
3-+21543 


3.20513 
3.19489 
3.18471 
3.17460 
3.16456 


3-15457 
3.14465 
3.13480 
3.12500 
gertsa7 


3.10559 
3.09598 
3.08642 
3.07692 
3.06749 


3.05810 
3.04878 
3.03951 
3.03030 
3.02115 


3.01205 
3.00300 
2.99401 
2.98507 
2.976019 


2.096736 
2.05858 
2.94985 
2.904118 
2.93255 


2.92308 
2.91545 
2.90608 
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TABLE 26.—SQuares, CusEs, SQUARE Roots, CusE Roots, REcIPROCALS, CIRCUMFERENCES AND CIRCULAR ArEAs—(Continued) 

: ial No.| Square! Cube Ba: Cu. BECO ee Nose: 
Circum.| Area j root root recip. Circum. | Area 
870.22 | 60,262.8 346| 119,716] 41,421,736|18.60r1|7.0203| 2.89017 1087.0 94,024.7 
873.36 | 60,608.7 347| 120,409) 41,781,023|/18.6270|7.0271| 2.88184 |1000.1 94,569.0 
876.50 | 61,136.2 348] 121,104) 42,144,192|18.6548|7.0338| 2.87356 1093.3 95,114.9 
879.65 | 61,575.2 349] 121,801) 42,508,549|18.6815|7.0406| 2.86533 1096.4 95,662.3 
882.79 | 62,015.8 350) 122,500) 42,875,000)18.7083|7.0473| 2.85714 |1090.6 96,211.3 
885.93 | 62,458.0 351|123,201|' 43,243,551|18.7350|7.0540| 2.84000 |1102.7 96,761.8 
889.07 | 62,901.8 '352| 123,004) 43,614,208|18.7617|7.0607 2.84091 |1105.8 97,314.0 
892.21 | 63,347-1 353| 124,600] 43,986,077|18.7883 7.0674| 2.83286 |1109.0 97,867 .7 
805.35 | 63,794.0 354] 125,316] 44,361,864|18.8140|7.0740| 2.82486 |1112.1 98,423.0 
808.50 | 64,242.4 355] 126,025) 44,738,875|18.8414|7.0807| 2.81600 |1115.3 98,979.8 
901.64 | 64,602.5 356] 126,736] 45,118,016/18.8680|7.0873| 2.80800 II18.4 99,538.2 
904.78 | 65,144.1 357| 127,449] 45,490,203/18.8044|7.0040| 2.80112 |1121.5 100,098 
907.92 | 65,507.2 358/ 128,164] 45,882,712|18.9200|7.1006| 2.79330 |1124.7 100,660 
911.06 | 66,052.0 359] 128,881] 46,268,279|18.0473|7.1072| 2.78552 |1127.8 I01,223 
914.20 | 66,508.3 360] 129,600] 46,656,000/18.9737|7.1138| 2.77778 |1131.0 101,788 
917.35 | 66,9066.2 361] 130,321| 47,045,881|19.0000 7.1204] 2.77008 |1134.1 102,354 
920.49 | 67,425.6 362] 131,044] 47,437,028|19.0263]7.1260| 2.76243 |1137.3 102,922 
923.63 | 67,886.7 363] 131,769] 47,832,147|19.0526|7.1335| 2.75482 |1140.4 103,401 
026.77 | 68,349.3 364] 132,406] 48,228,544|19.0788|7.1400| 2.74725 |1143.5 104,062 
929.91 | 68,813.5 365] 133,225] 48,627,125|19.1050/7.1466|] 2.73973 |1146.7 104,635 
933.05 | 69.279.2 366] 133,956] 49,027,806|19.1311|7.1531| 2.73224 |r140.8 105,200 
936.19 | 60,746.5 367| 134,689] 409,430,863/19.1572|7.1596| 2.72480 |1153.0 105,785 
939-34 | 70,215.4 368) 135,424] 40,836,032|19.1833|/7.1661| 2.71739 |1156.1 106,362 
042.48 | 70,685.8 369] 136,161) 50,243,409|19.2004|7.1726| 2.71003 |1159.2 106,941 
OAS 62) 7725750) 370] 136,900] 50,653,000|19.2354/7.1791| 2.70270 |1162.4 107,521 
948.76 | 71,631.5 371] 137,641] 51,064,811)19.2614|/7.1855| 2.69542 |1165.5 108,103 
951.90 | 72,106.6 372| 138,384) 51,478,848|19.2873|7.1020| 2.68817 |1168.7 108,687 
955-04 | 72,583.4 373] 139,129] 51,805,117|/19.3132|7.1984| 2.68007 |1171.8 100,272 
958.19 | 73,061.7 374! 139,876} 52,313,624'19.3391|7.2048] 2.67380 !1175.0 109,858 
961.33 | 73,541.5 375| 140,625] 52,734,375|19.3649|7.2112| 2.66667 |1178.1 110,447 
964.47 | 74,023.0 376] 141,376) 53,157,376|19.3907|7.2177| 2.65057 |1181.2 III,036 
967.61 | 74,506.0 377| 142,120] 53,582,633]19.4165|7.2240| 2.65252 |1184.4 IIr,628 
970.75 | 74,990.6 378} 142,884) 54,010,152|/19.4422/7.2304| 2.64550 |1187.5 112,22 
973-89 | 75,476.8 379] 143,641] 54,439,939]19.4679|7.2368| 2.63852 |1190.7 112,315 
977.04 | 75,964.5 380] 144,400} 54,872,000/19.4936|7.2432| 2.63158 |1193.8 113,411 
980.18 | 76,453.8 381} 145,161] 55,306,341/19.5192|7.2495| 2.62467 |1196.9 II4,009 
083.32 | 76,944.7 382! 145,924| 55,742,068|19.5448!7.2558| 2.61780 |1200.1 114,608 
0986.46 | 77,437.1 383] 146,689] 56,181,887|19.5704|7.2622} 2.61007 |1203.2 115,209 
989.60 | 77,031.1 384] 147,456| 56,623,104/19.5959|7.2685| 2.60417 |1206.4 II5,812 
992.74 | 78,426.7 385| 148,225] 57,066,625|19.6214|7.2748| 2.59740 |1200.5 116,416 
905.88 | 78,9023.9 386] 148,006] 57,512,456|19.6460|7.2811; 2.59067 |1212.7 117,021 
999.03 | 79,422.6 387| 149,769] 57,960,603}19.6723/7.2874| 2.58308 |1215.8 117,628 
1002.2 79,9022.9 388] 150,544] 58,411,072/19.6077|7.2036| 2.57732 |1218.9 118,237 
1005.3 80,424.8 380] 151,32I| 58,863,869]19.7231!7.20999] 2.57069 |I1221.1 118,847 
1008.5 80,928.2 390] 152,100} 509,319,000|19.7484/7.3061| 2.56410 |1225.2 II9,450 
IOII.6 81,433.2 391| 152,881] 50,776,471/19.7737/7.3124] 2.55755 |1228.4 120,072 
1014.7 81,039.8 392] 153,664) 60,236,288/19.7900/7.3186| 2.55102 |1231.5 120,687 
1017.9 82,448.0 393| 154,449] 60,698,457|19.8242/7.3248] 2.54453 |1234.6 121,304 
102t.0 | 82,057.7 394] 155,236] 61,162,984]19.8404|7.3310| 2.53807 |1237.8 121,022 
1024.2 | 83,469.0 395| 156,025} 61,629,875|/19.8746/7.3372| 2.53165 |1240.9 122,542 
1027.3 | 83,981.8 396] 156,816] 62,009,136/19.80907|7.3434| 2.52525 |1244.1 123,163 
1030.4 | 84,406.3 397| 157,609} 62,570,773|19.9249|7.3496| 2.51880 |1247.2 123,786 
1033.6 | 85,012.3 398] 158,404] 63,044,792/19.9499/7.3558| 2.52256 |1250.4 124,410 
1036.7 85,520.9 399] 150,201| 63,521,199|19.9750/7.3619| 2.50627 |1253.5 125,036 

1039.9 86,049.0 400] 160,000] 64,000,000/20.0000|7.3681| 2.50000 1256.6 125,064 
1043.0 86,560.7 401| 160,801] 64,481,201/20.0250/7.3742| 2.40377 |1259.8 126,203 
1046.2 87,092.0 402| 161,604] 64,964,808)20.04099|7.3803| 2.48756 |1262.9 126,023 
1049.3 87,615.9 403| 162,400] 65,450,827|/20.07409|7.3864| 2.48139 |1266.1 127,556 
1052.4 | 88,141.3 404] 163,216] 65,039,264|/20.0008|/7.3025| 2.47525 |1269.2 128,190 
1055.6 88,668.3 405| 164,025| 66,430,125/20.1246|7.3986| 2.46014 |1272.3 128,825 
1058.7 | 80,196.9 406| 164,836] 66,023,416|20.1404|7.4047| 2.46305 |1275.5 120,462 
1061.9 80,727.0 407| 165,649] 67,419,143|/20.1742|7.4108| 2.45700 1278.6 130,100 
1065.0 90,258.7 408] 166,464] 67,017,312|20.19090|7.4169] 2.45008 |1281.8 130,741 
1068.1 90,792.0 409| 167,281} 68,417,920|20.2237|7.4229| 2.44499 |1284.9 131,382 
LO7TL WS 91,326.90 410) 168,100] 68,921,000/20.2485|/7.42900] 2.43902 1288.1 132,025 
1074.4 | 9,863.3 411} 168,921! 609,426,531|20.2731'7.4350| 2.43309 |1201.2 132,670 
1077.6 | 92,401.3 412| 169,744| 69,034,528|20.2078|7.4410| 2.42718 |1294.3 133,317 
1080.7 92,940.9 413| 170,569] 70,444,997|20.3224/7.4470| 2.42131 |1207.5 133,965 
1083.8 | 93,482.0 414] 171,396] 70,957,944|20.347017-4530| _2-41546 |1300.6 | 134,014 


No. | Square Cube Sq. 
root 
277| 76,729| 21,253,033|16.6433 
278) 77,284) 21,484,952|16.6733 
279| 77,841) 21,717,630|16.7033 
280) 74,400| 21,952,000|16.7332 
281| 78,961] 22,188,041116.7631 
282] 79,524) 22,425,768|16.7920 
283] 80,089] 22,665,187|16.8226 
284] 80,656] 22,906,304|16.8523 
285| 81,255] 23,140,125|16.8819 
286) 81,796] 23,393,656|16. 0115 
287) 82,369] 23,630,003|/16.9411 
288] 82,044] 23,887,872|16.0706 
289| 83,521} 24,137,569|17.0000 
290} 84,100} 24,389,000|17.0204 
201} 84,681) 24,642,171|17.0587 
202} 85,264) 24,807,088]17.0880 
203} 85,849) 25,153,757|17.1172 
204| 86,436) 25,412,184|17.1464 
295) 87,025) 25,672,375|17.1756 
296) 87,616) 25,034,336|17.2047 
207| 88,200] 26,108,073|17.2337 
298] 88,804] 26,463,502|17.2627 
209) 89,401] 26,730,899|17.2016 
300] 90,000) 27,000,000|/17.3205 
301] 90,601) 27,270,901/17.3494 
302} 91,204) 27,543.608|i7.3781 
303} 91,809) 27,818,127|17.4069 
304] 92,416) 28,004,464/17.4356 
305] 93,025) 28,372,625|17.4642 
306| 93,636) 28,652,616/17.4929 
307! 94,249] 28,034,443\17.5214 
308} 94,864] 209,218,112|/17.5490 
309} 95,481) 20,503,629|17.5784 
310! 96,100} 209,791,000|17 .6068 
311} 96,721] 30,080,231/17.6352 
312} 97,344) 30,371,328)17.6635 
313| 97,969] 30,664,297|17.6918 
314] 98,596) 30,959,144|17.7200 
315} 99,225) 31,255,875|17.7482 
316} 99,856) 31,554,496|17.7764 
317| 100,489} 31,855,013|17.8045 
318] 101,124) 32,157,432|17.8326 
319| 101,761| 32,461,759|17.8606 
320| 102,400} 32,768,000/17.8885 
321| 103,041] 33,076,161/17.9165 
322| 103,684) 33,386,248|/17.9444 
323| 104,329] 33,698,267|17.9722 
324| 104,976; 34,012,224|18.0000 
325| 105,625) 34,328,125|18.0278 
326| 106,276| 34,645,976|18.0555 
327] 106,929] 34,965,783/18.0831 
328) 107,584| 35,287,552|18.1108 
329| 108,241| 35,611,289|18.1384 
330] 108,900] 35,937,000|18.1659 
331| 109,561| 36,264,691/18.1934 
332] 110,224] 36,504,368/18.2200 
333| 110,889] 36,926,037|18.2483 
334] 111,556] 37,259,704|18.2757 
335| 112,225] 37,595,375|18.3030 
336] 112,896] 37,033,056|18 . 3303 
337| 113,569] 38,272,753/18.3576 
338] 114,244] 38,614,472|18.3848 
339] 114,921| 38,958,219|18.4120 
340] 115,600] 309,304,000/18. 4391 
341| 116,281} 39,651,821|18.1662 
342| 116,064] 40,001,688/18. 4932 
343] 117,649] 40,353,607|18 .5203 
344| 118,336] 40,707,584)18.5472 
345| 119,025| 41,063,625|18.5742 
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TABLE 26.—SQuaRES, CuseEs, Square Roots, CuBr Roots, Recrprocars, CrRCUMFERENCES AND CIRCULAR AREAS— (Continued) 
Sa. Cu, I000 No. = Dia. a 3 No. = Dia. 

No. | Square Cube = ; x ; No. | Square Cube = Ce “eas : = 
TOO toot recip. Circum. | Area root | root recip. Cireum.| Area 
553} 305,809] 1609,112,377|23.5160/8.2081| 1.80832 1737.3 240,182 622] 386,884) 240.641,848|24.9300|8.5362| 1.60772 1954.1 303,858 
554] 306,016 170,031,464]23.5372|8.2130| 1.80505 I740.4 241,051 623] 388,120] 241,804,367/24.9600|8.5408| 1.60514. 1957.2 304,836 
555] 308,025] 170,053,875|23.5584/8.2180| 1.80180 1743.6 241,022 624] 389,376] 242,070,624|24.9800|8.5453| 1.60256 1960.4 305,815 
556} 309,136] 171,870,616 23-5797|8.22290| 1.79856 |1746.7 242,795 625] 300,625] 244,140,625|25.0000|8.5499| 1.60000 1963.5 306,796 
557] 310,249] 172,808,693/23 .6008|8.2278| 1.79533 1743.9 243,669 626| 391,876] 245,314,376/25.0200/8.5544| 1.50744 |1966.6 307,779 
A 558 311,364] 173,741,112 23.6220|8.2327| 1.79211 |1759.0 244,545 627] 393,129] 246,491,883 25.0400/8.5590] 1.59490 |1969.8 308,763 
559} 312,481| 174,676,879|23 .6432|8.2377| 1.78801 |1756.2 245,422 628} 304,384] 247,673,152|25.0599/8.5635| 1.59236 |1972.9 | 300,748 
560} 313,600} 175,616,000 23.6643|8.2426| 1.78571 |1759.3 246,301 629] 395,641] 248,858,189|25.0709|8.5681| 1.58083 |1076.1 310,736 
561| 314,721] 176,558,481 23.6854|8.2475| 1.78253 |1762.4 247,181 630] 396,900] 250,047,000|25.0998|8.5726| 1.58730 |1979.2 311,725 
562] 315,844] 177,504,328|23.7065 8.2524] 1.77936 |1765.6 248,063 631] 398,161] 251,239,501|25.1197|8.5772| 1.58479 1982.4 312,715 
563] 316,060] 178,453,547|23.7276 8.2573| 1.77620 |1768.7 248,047 632] 399,424] 252,435,068|25.1306|8.5817| 1.58228 1985.5 313,707 
564] 318,006 179,406,144|23.7487|8.2621| 1.77305 |1771.9 249,832 633| 400,689] 253,636,137/25.1595|8.5862| 1.570978 |1988.6 314,700 
565] 319,225] 180,362,125|23.7607 8.2670] 1.76991 |1775.0 250,719 634] 401,956] 254,840,104|25.1794/8.5907] 1.57729 |1001.8 315,606 
566} 320,356] 181,321,496|23.7908|/8.2710 1.76678 |1778.1 251,607 635] 403,225] 256,047,875|25.1992|8.5052| 1.57480 |1994.9 316,692 
567| 321,480] 182,284,263/23.8118|/8.2768 1.76367 |1781.3 252,497 636] 404,496] 257,259,456|25.2190/8.5997| 1.57233 |1998.1 317,690 
568) 322,624] 183,250,432|23.8328|8.2816 1.76056 |1784.4 253,388 637| 405,769| 258,474,853/25.2380|8.6043] 1.56986 |2001.2 318,690 
569] 323,761| 184,220,009|23.8537|8.2865 1.75747 |1787.6 254,281 638| 407,044] 259,694,072]25.2587|8.6088| 1.56740 |2004.3 319,692 
570) 324,900] 185,193,000/23.8747|8.2013| 1.75439 |1790.7 255,176 639] 408,321| 260,917,119]25.2784/8.6132| 1.56405 |2007.5 320,965 
571/ 326,041! 186,169,411]/23.8056/8.2062| 1.75131 |1703.9 256,072 640] 409,600] 262,144,000/25.2982|8.6177| 1.56250 |2010.6 321,699 
$72| 327,184] 187,149,248|23.9165|8.3010| 1.74825 |1707.0 256,970 641 410,881] 263,374,721|25.3180|8.6222] 1.56006 |2013.8 322,705 
573| 328,329] 188,132,517|23.9374|8.3059| 1.74520 |1800.1 257,860 642] 412,164] 264,609,288|25 .3377|8.6267| 1.55763 |2016.9 323,713 
574| 329,476| 180,119,224]23.9583/8.3107| 1.74216 |1803.3 258,770 643| 413,449] 265,847,707|25.3574|8.6312| 1.5552I |2020.0 324,722 
575} 330,625] 190,100,375|23.9792|8.3155| 1.73013 |1806.4 259,672 644| 414,736] 267,080,984)25.3772|8.6357| 1.55280 |2023.2 325,733 
576] 331,776] I91,102,976|24.0000/8.3203| 1.73611 |1800.6 260,576 645| 416,025] 268,336,125|25.3969|8.6401| 1.55039 |2026.3 326,745 
577] 332,929] 192,100,033/24.0208/8.3251] 1.73310 |1812.7 261,482 646| 417,316] 260,586,136/25 .4165|8.6446| 1.54799 |2029.5 327,759 
578] 334,084] 103,100,552|24.0416/8.3300| 1.73010 |1815.8 262,389 647! 418,609] 270,840,023|25.4362|8.6490| 1.54560 |2032.6 328,775 
579} 335,241| 194,104,539]24.0624|8.3348| 1.72712 {1819.0 263,298 648] 410,004] 272,007,792 25.4558|8.6535| 1.54321 |2035.8 329,792 
580] 336,400] 195,112,000|24.0832|/8.3306| 1.72414 |1822.1 264,208 649] 421,201| 273,359,449|25-4755|8-6579| 1.54083 |2038.9 330,810 
581] 337,561| 196,122,941|24.1039|8.3443| 1.72117 |1825.3 265,120 650| 422,500] 274,625,000|25.4951|8.6624| 1.53846 |2042.0 331,831 
582| 338,724] 197,137,368|24.1247|8.3491| 1.7182I 1828.4 266,033 651| 423,801] 275,894,451|25.5147|8.6668) 1.53610 |2045.2 332,853 
583] 339,880] 198,155,287)24.1454/8.3539| 1.71527 |1831.6 266,048 652| 425,104] 277,167,808|25 .5343|/8.6713| 1.53374 |2048.3 333,876 
584) 341,056] 190,176,704|24.1661/8.3587| 1.71233 |1834.7 267,865 653] 426,409] 278,445,077|25.5539|8.6757| 1.53139 |2051.5 334,901 
585| 342,225] 200,201,625|24.1868/8.3634| 1.70940 |1837.8 | 268,783 654| 427,716] 279,726,264)25.5734|8.6801| 1.52905 |2054.6 | 335,927 
586} 343,396) 201,230,056/24.2074|8.3682| 1.70649 |1841.0 | 260,701 655] 429,025] 281,011,375|25.5930/8.6845| 1.52672 |2057.7 | 336,955 
587| 344,569] 202,262,003|24.2281/8.3730| 1.70358 |1844.1 | 270,624 656) 430,336] 282,300,416|25.6125/8.6890| 1.52439 |2060.9 | 337,985 
588] 345,744] 203,207,472|24.2487|8.3777| 1.70068 |1847.3 | 271,547 657| 431,649] 283,593,393|25 .6320|8.6034! 1.52207 |2064.0 | 339,016 
589] 346,921| 204,336,469|24.2603|8.3825| 1.69779 |1850.4 | 272,471 658| 432,064] 284,800,312/25.6515/8.6078} 1.51976 |2067.2 | 340,049 
590! 348,100, 205,379,000|24.2800/8.3872| 1.69492 {1853-5 | 273,397 659] 434,281] 286,191,179|25.6710/8.7022| 1.51745 |2070.3 | 341,084 
591| 349,281] 206,425,071|24.3105|8.3919| 1.69205 |1856.7 | 274,325 660/ 435,600/ 287,496,000/25 .6905/8.7066} 1.51515 |2073-5 | 324,119 
5921 350,464) 207,474,688|24.3311|8.3967| 1.68919 |1859.8 | 275,254 661| 436.921| 288,804,781/25.7000|8.7110| 1.51286 |2076.6 | 343,157 
593| 351,649] 208,527,857|24.3516/8.4014| 1.68634 |1863.0 | 276,184 662] 438,244] 290,117,528/25.7204/8.7154| 1.51057 |2079.7 | 344,196 
594| 352,836] 200,584,584|24.3721/8.4061] 1.68350 |1866.r | 277,117 663} 439,569] 201,434,247/25.7488/8.7198} 1.50830 |2082.9 | 345,237 
595| 354,025| 210,644,875|24.3926|8.4108| 1.68067 |1869.3 | 278,051 664] 440,806] 202,754,944|25.7682|8.7241| 1.50602 |2086.0 | 346,279 
596} 355,216] 211,708,736|24.4131/8.4155| 1.67785 |1872.4 | 278,986 665} 442,225| 204,079,625|25.7876|/8.7285] 1.50376 |2089.2 | 347,323 
597| 356,409] 212,776,173|24.4336|8.4202] 1.67504 |1875.5 | 279,923 666] 443,556] 295,408,296|25.8070/8.7329| 1.50150 |2092.3 | 348,368 
598| 357,604] 213,847,192|24.45408.4240| 1.67224 |1878.7 | 280,862 667] 444,880] 206,740,063)25 .8263/8.7373} 1.49925 |2005.4 | 349,415 
599| 358,801] 214,021,799|24.4745|8.4206| 1.66945 |1881.8 | 281,802 668] 446,224] 298,077,632/25.8457|8.7416] 1.49701 |20908.6 | 350,464 
600| 360,000] 216,000,000|24.4949|8.4343| 1.66667 |1885.0 | 282,743 G09) A759) 209,478,809) 85° 8050) 8274S) WE. 49477 abet eee a 
601| 361,201| 217,081,801|24.5153/8.4390| 1.66389 |1888.1 | 283,687 670) 448,900) 300,763,000)25 .8844)8.7503) 1.49254 j2104.9 | 352.565 
602] 362,404| 218,167,208|24.5357|8.4437| 1.66113 |1891.2 | 284,631 671| 450,241] 302,111,711/25.9037/8.7547| 1.49031 |2108.0 | 353,618 
603] 363,600] 219,256,227/24.5561|8.4484| 1.65837 |1804.4 | 285,578 672] 451,584] 303,464,448|25.9230/8.7590] 1.48810 j21II.2 | 354,673 
604] 364,816] 220,348,864|24.5764|8.4530| 1.65563 |1807.5 | 286,526 Oiaianae29|: Soe he au BS ee re 

605| 366,025| 221,445,125|24.5067|8.4577| 1.65289 |1900.7 | 287,475 CralasdsalG) CORBA eH AS s9OPS/ 4 SOUL Tey aaa he lee nih i“ 
606] 367,236] 222,545,016|24.6171|8.4623] 1.65017 |1903.8 | 288,426 675! 455,625| 307,546,875/25.9808/8.7721| 1.48148 |2120.6 oes a 
607| 368,449| 223,648,543|24.6374|8.4670| 1.64745 |1907.0 280,379 676] 456,976| 308,015,776)26.0000/8.7764) 1.47929 |2123.7 355,90 
608] 360,664| 224,755,712|24.6577|8.4716| 1.64474 |1910.1 290,333 677| 458,329] 310,288,733|26.0192/8.7807] 1.47711 |2126.9 id 
609| 370,881] 225,866,520/24.6779|8.4763| 1.64204 |1913.2 | 291,280 678] 459,684] 311,665,752/26.0384|8.7850| 1.47493 |2130.0 rapes 
226,981,000|24.6982|8.4809| 1.63934 |1916.4 | 202,247 679| 461,041} 313,046,839/26.0576/8.7893) 1.47275 |2133.I | 362,101 
oe a eb cioah: 24.7184 8.4856| 1.63666 |1019.5 | 293,206 680) 462,400] 314,432,000|26.0768/8.7037| 1.47059 |2136.3 | 363,168 
Il x 5 y, ° . * L x i > 
612 ay a 220,220,028|24.7386|8.4902| 1.63399 |1922.7 | 204,166 681| 463,761| 315,821,241/26.0960/8.7980] 1.46843 |2139.4 | 364,237 
| ae A . 46628 a0) 65,308 

PS ; ,128 682] 465,124] 317,214,568/26.1151|8.8023| 1.466 214 3 
613 ee 230,346,397 |24. ae os atin Sh is sa fib | 683] Hr 318,621,087 26.1343|8.8066] 1.46413 [2145.7 | 366,380 
614| 376,996] 231,475,544|24.7 . : > i | 6 8.8109} 1.46109 2148.9 | 367,453 
.62602 |1932.1 | 297,057 684) 467,856) 320,013,504)20.1534)8 . Sr0s OTS yee ‘ 

615| 378,225] 232,608,375|24-7992|8.5040| 1.62 8.8 45085 |2152.0 | 368,528 

; ,02 685| 469,225) 321,419,125/26.1725|/8.8152) 1.45085 /2152. ee 

,456| 233,744,896|24.8193/8.5086] 1.62338 |1935.2 | 208,024 | ; 
as a 689 aa Bas 113|24.8395|8.5132| 1.62075 |1038.4 | 208,902 686) 470,506] 322,828,856)26.1916|8.8194| 1.45773 |2155.1 | 369,605 
| | 4 2 2 " yf f 5 ,684 
é 290,962 687! 471,969] 324,242,703/26.2107/8.8237| 1.45560 |2158.3 | 370 

618] 381,924] 236,020,032'24.8596/8.5178 1.61812 |1941.5 9 tl oo LEENA Foy il ota PALSY © emer iS sean 
619] 383,161] 237,176,059|24.8797|8.5224| 1.61551 |1944.7 300,934 ee panes 325, - wee Sale ceil emantesel cee iee araene 
620] 384,400] 238,328,000/24.8998|8.5270| 1.61290 1947.8 301,907 689| 474,721] 327,082,7 39/26 .24 ne , : : - 

, 3291000) 2.882 | 690] 476,100) 328,509,000 26.2679|8.8366| 1.44028 |2167.7 373,9 

621| 385,641! 239,483,061|24.919918.5316| 1.61031 |1950.9 | 302,882 ———— = 
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TABLE 26.—S 
-—SQU. 
QUARES, CuBES, SQUARE Roots, CUBE Roots, Rec ALS 
No. | Squ S ? TPROCALS, CIRCUMFERENCES AND Cre 
quare Cube a Cu. 1000 X No. = Dia CULAR AREAS—(Continued) : 
TOO root H : : 
691| 477,481| 329,939,371|26 recip. | Circum.| Area Mo: Sasare Cube Sa. [> Cns 4 sianer No = Dae 
692] 478,86 : .2869|8.8408| 1.44718 |2170.8 root | root i et 
,864| 331,373,888|26.3059|8.8 70.8 |375,013 760 recip. | Circum.| 
603} 480,249] 332,812,557 Fees y aie 1.44509 |2174.0 |376,009 ae 577,600| 438,976,000|27.5681|9.1258| 1.37 m. Area 
694) 481,636| 334,255,384 az 49|8.8493} 1.44300 |2177.I |377 187 579,121| 440,711,081|27 .5862/9.1298 -31579 |2387.6 |453,646 
Boeeoss| siso2.s75 pees ae 1.44092 |2180.3 78 406 oe 580,644] 442,450,728|27 .6043 Biases hte 2390.8 |454,841 
? ” r) 9|/8.8578 1.43885 218 e 703 582,169] 444,194 7 «31234 |2393.9 6 
696) 48 33-4 1379,367 764] 58 ,194,047|27-6225|9.1378| 1.3106 456,037 
SEE sn hee feral 43678 |2186.6 |38 4) $8606] aasiouarad|27.640s|0.1428| 1.30800 [2400.2 457,234 
; ,608,873)/ 26.4008 : 6 |380,459 ; -2 1458434 
Bo 4008|8.8663| 1. 765) 585,22 : 
699 rues 340,068,392|26.4197|8.8706| 1 ee eA etncee 766) 586 ve 447,697,125|27 6586/9 .1458| 1.30719 |240. 
700 eats Be eca ah 26.4386/8.8748) 1 ree Fe pe chy 767| 588,289 peices 27.6767|9.1498| 1.30548 ak pats: 
, 43,000,000|26.4575 |8.8 .0 |383,746 : »217,663/27.6948/9.1 : 460,837 
: .8790| 1.42857 |2199.1 768] 580,824! 452,08 -1537| 1.30378 |2409.6 
: 84,8 984,832/27.7128 ves 462,042 
701| 491,401 Searese 769 9.1577}. 1.30 
eA ees a) ee 26.4764|8.8833| 1.42653 |2202.3  |38 591,361) 454,756,609|27.7308/9.1617| I a 2412.7 |463,247 
eeey , ,408]26.4953/8.88 . 385,945 2415-9 |\464 
703] 494,209 -8875| 1.42450 |220 770 592,900] 456,533,0 a 
elk aap ine 26.5141|8.8017| 1.42248 ome 387,047 vrakeonaaa) aad ry 27.7489|9.1657| 1.209870 |2419.0 
705| 497,025 Sa ,913,664|26.5330|8.8059| 1.42046 |2 -5 |388,151 aqaleeeoes wy ie 4,011|27.7669|9.1696| 1.29702 |2 ; 465,663 
5 350,402,625|/26.5518|8.9001| 1.41844 Bi 380,256 Fd ese pees re 27.7849|9.1736| 1.20534 KEP E 466,873 
706| 498,436 14. 390,363 7 " ,880,917|27.8029|/90.177 -3 |468,085 
’ 351,805,816|26.570 74| 599,076| 463,684,8 5} 1.29366 |2428 
707| 499,849] 353 -5707|8.9043| 1.41643 ,684,824/27 .8209/9.1815 +5 |469,208 
’ ,393,243|26.58 2218.0 |391,471 1.29199 |2431.6 
708] 501,264] 35 -5805|8.9085| 1.41 ; 775| 600,62 479,513 
: 4,894,012|26 .608 443 |2221.1 |392,580 1625| 465,484,375 |27 8 
Wasnt Starsefe copy] tou facts esa re ete rSes eet tues] eee Ries Josoa 
504,100 s : 1.4104 i 03,72 ; 1894) 1.28866 ‘ 
\ 357,055 000/20.6458)8-9242 peste pie ae 778) 605 284 ee a7 87410 -20ae eee gg paige 
- 711| 505,521| 350,42 : 395,919 779 Oya ,910,952|27 .8927|9. 1973 = 474,168 
712| 506,044 sna Ber Sige 8.9253| 1.40647 |2233.7  |397,0 841| 472,729,139|27.9106|9.2012 | ace 2444.2 |475,389 
pee 460| 362/467. -6833|8.9295| I-40 j SEE 780| 608 ; 2447-3 |476,612 
2909) 1467,0 449 |2236.8 ,400| 474, 
Peeeaeel a6 dioon a oA es 8.9337| 1.40253 |2240.0 398,153 781| 600,061 et 552,000|27.9285|/9.2052| 1.28205 |2 
715) 511 1344|26.7208/8 9378} I 208) |399:272 82 1379,541|27 .9464|9 .2 450-4 |477,836 
511,225] 365,525,875|26.7305 |8.942 .40056 |2243.1 |400,393 Lo hsp ocak pista Dibeigata esti) Raper: op 
i .9420| 1.39860 |2246 783| 613,08 ; ‘ 9.2130] 1.278 - : 
716| 512,656 46.2 |401,515 1089| 480,048,687|27 .98 -27877 |2456.7 |480,290 
, 367,061 784) 6 -9821/9.2170 * 
717| 514,080] 368 Be pees Lec! Geer en Rape rae eer 4) 614,656] 481,890,304 eee i 2459-9 |481,519 
718] 515 524 ps4 +7769 |8.9503] I . 1039 785| 6 -27551 |2463.0 (482 
370,146,232/26. -39470 |2252.5 {403,76 16,225| 483,736,6 482,750 
Be yank 371,604,059 ace oe 1.39276 |2255.7 pie: 786) 617,796 eat: oa 9.2248! 1.27389 |2466.2 /|483,98 
518,400) 373,248,000)26.8328 poesd aes 2258.8 |406,020 sf oe ee ne ee pipelines ecixiee: pres 
. @ 9 |2261. 20,944| 48 y |? 1.2706 : 
721| 519,841] 374,8 9 |407,150 8 489,303,872/28.071 5 |2472.4 |486,451 
722| 521,284 nee ease BROS Tale iascoet aueess = antes 789| 622,521| 491,169,069 Pati wy — 2475.6 eRe 
723 522 720| 37 % -S701 8.9711 1.38 a 08,282 790] 6 } . - 26743 2478.7 88 
u 7,933,067|26.888 -38504 |2268.2 24,100} 49. | | 485,027 
. 718. 409,416 13,039,000 : 
724| 524,176] 379,503,424| 26 9752| 1.38313 |2271.4 [41 791| 625,681} 494 38 -SOGO AaGiy Yaseen 
725| 525,625| 381,078,125 Cuda 8.9794] 1.38122 |2274.5 ‘: ape 792| 627,264 pence se 28.1247/9.2482| 1 26422 sqht.0 ee 
b ’ -9258 |8.9835 I : 411,687 : »793,088|28.1 r 2485.0 I 
-37931 |22 793| 628,8 -1425|/9.2521 491,400 
726 7767 1849] 408,6 1.2626 
a Boe Se ate 26.9444|8.9876| 1.37 par, 794| 630,436] 500 366.184 eG n 9.2560 ane mE, peng 
, 384,240,583|26.06 ; +37741 |2280.8 ae -1780/9.25 “ 493,807 
728] 529,984 -9629)8.9018 413,065 99; 1.25045 |2 
J 385,828,352|/26 I.37552 |2283 795| 632,025 494.4 |405,143 
729] 531, : -9815|8.9 +9 |415,106 j 502,459,875|28. 1957 : 
730 es 60 Son ae pd 9.0000 pl BGR Wee tees: oe Le 504,358,336)28 sais hp I.25786 [2497-6 406.398 
i ,017,000|27.0185|9.0 ; 2290.2 |41 35,209} 506,26 : \9-2677) 1.25628 
+0041] 1.36986 Lassie 798) 6 »261,573/28.2312 2500.7 497,641 
731 2203. 36,804] 508 9.2716} 1.2 . 
732 oe, eNom 27.0370|0.0082| 1.36 Sears 799) 6s6-400 pba 2 aR wae I pean pene wei 
, 92,223,168|2 ; 36799 |2206.5 ,082,309|28. 2666/9. 2 : +O |500,145 
733| 537,289] 3 7-0555|9.0123] 1 +5 |419,686 .2793| 1.25156 |25 ; 
: 93,832,837|2 .36612 |2200 800] 640,000 5 2510.1 |s501,3 
734] 538,756] 3 7.0740|9.0164| 1 +7 |420,835 8 : 512,000,000/28. 28 99 
’ 05,446,904/27. -36426 |2302.8 O1| 641,601 -2843 9.2832) I 
735| 540,225| 397,065,375 s ped ae 1.36240 |2305.9 eae 802| 643,204 paren 28.3019|9.2870 a 2513-3 |502,655 
2 024 1.360 5 113 80 i »849,608 28.3106 E 2516.4 |50. 
736| 541,696 54 |2309.1 |42 3| 644,800] 51 9.2900} 1.2468 3,912 
1696) 398,688,256)2 4,293 804 6 7,781,627 | 28.337 4688 |2519.6 |§0 
731| $43,160] 400,315, 7-1293|9.0287/ = 4| 646,416) 519,718 +3373|9.2048) 1.245 5.172 
1315,553|2 .35870 [2312.2 '718,464 28.3549) 33 |2522.7 |506 
738] 544,644 7-1477|9.0328 .2 |425,448 49]9.2086| 1.2 1432 
1644] 401,047,272/27. 166 1.35685 2315 805] 648,0 +24378 |2525.8 
d - 1662 4 26 025) 52 507,694 
es $46,121] 403,583,419|27.1846 ace 1.35501 |2318.5 ee | 806) 640,636 oe 28.37295/9.3095| 2.2422 
547,600] 405,224,000|27.2029 eae 1.35318 |2321.6 pee | 807] 651,240 sie gs 28.3901/9.3063] x me 2520.0 |508,058 
: : Ole gsiss ike) | 80816 557,943|28 .4077| ; 2532.1 I 
741| 549,081| 406,86 2324.8 [430,08 52,864] 527,51 77/9.3102) 1.23016 es 
,860,021|27.2 IOC 800] 6 »514,112/28.4253) ae 2535-3 {51 
742| 550,564] 408 213|90.0401 9| 654,481] 520,47 53/9.31490| 1.2 1,490 
: ,518,488|27.2 1.34953 |2327 9.475,129|/28.442 -23762 |2538.4 |512 
ay 552,049] 410,172,407 pia 9.0532] 1.34771 ste pay 810! 656,100] 531 oP a ee aan 
553,536| 411,830,784|27.276 9.0572] 1.34500 |2334.2 ona 811| 657,721 441,000) 28 .4605/9.3217 
745] 555,025| 41 -276419.0613| 1. +2 1433,578 8 : 533,411,731/28.47 7} 1.23457 |2544 
3,493,625|27.2047|9.0654| 1 34409 12337.3 |434,746 are 659,344] 535,387,328 ar 9.3255] 1.23305 |25 % phar? 
746| 556,516 +34228 |2340.5 13| 660,060 , 1328/28. 4056|0.3204 47. 516,573 
, 415,160,936 435,016 8 537,367,797|28 I.23153 |2551 
747| 558,009] 416 i 27 .3130|9.060 14] 662,506 - 5132190. 3332 Oo |517,848 
: 832,72 4] 1.34048 |2 539,353,144| 28 1.23001 |25 
748| 550,504 1723/27 .3313|9.07 343-6 1437,08 .530719.3370 554.1 510,124 
, 418,508,002 35| 1.33869 12346 Uebel! 815] 66 : 1.22850 |2 
749| 561,001! 420 , 27.349610.0775 346.8 [438,250 4,225| 541,343 557-3 |5§20,402 
’ ,180,740|2 1.33690 |2 , 816] 66 1343,375/28.5482 
750| 562,500 : 73679 |0.0816 349.9  |439,42 5,856] 543,338 \9-3408] 1.226 
: 421,875,000|27 I.33511 |2 bets 817| 66 1338,496/ 28 . 5657 99 |2560.4 
000/27 . 3867 [0.0856 353-1 |440,609 7489] 545,338 5657/9 244%) “3-8 stews 
: 2 , 5,338,513/28 +22549 |256 
751] 564,001 1.33333 |2356.2 818] 660,12 -$832/9.348 3-5  |522,962 
,001] 423,564,751 441,786 1124] 547,343,432|28 5| 1.22300 |256 
752| 565, 751/27 .4044 19.08 819| 670,76 1432/28 .6007/0.352 99 |2566.7 |524,2 
aes i ae oe 27.4226 |9 ae 1.33156 |2359.3 1|442,065 76I| 549,353,250|28.6182/9 so 1.22249 |2560.8 we os 
, s he ’ ”* I .2 . 
ed Cee ane ai866% 04 7 dgad lorcorqliertaaees 2362.5 |444,146 820| 672,400] §51,368,00 SEO [A51S-0 > Rants 
755| 570,025 pe ti 27.4591). 1017 Hehe 2365.6 |445,328 Bo 674,041] 553 a87.6y ppl ete: 1.21051 |2576 
,368,875|27.4773\0.1 : 26 |2368.8 22| 675,68 LS foal 28.6531/9.3637 76.r |528,1 
.1057| x. 446,511 1684) 555,412, = 37| 1.218 wee 
571,536] 432,081,216|27.4 1.32450 2371.9 |447,607 a 677,329 er = i cee 9.3675 pales seated §29,391 
57| 573,040] 4. : 495510. 1008 24| 678,076 1707)28 .6880/9.3 2.4 |530,68 
: 33,798,009 1.32275 |2 : 559,476,22 713] 1.21507 OSE 
758! 574,56 1093/27.5136|9.11 375-0 |448,8 1224/28. 7054]0. 2585.5 
EES eR 27.5318 ps, acces 2378.2 ne ee 825| 680,625! 562,515,625 {28 9.3751] 1.21350 |2588.7 ie 
1245,479|27.5500 +3102 2381.3 ‘ 826| 682,2 : »025/28.7228 ‘ 
: : : ’ 1276 : 9.378 
9.1218] 1.31752 |238 451,262 ganl Ge 563,559,076/28.7402 780] z.2r212 |250r.8 
384.5 3,02 402/9.38 534,56 
452,453 gauche 1929] 565,600,283/28 3827| 1.21065 |2so5 4,502 
85,584] 567,663,552 ee 9.3865] 1.20910 |2 ee 535,858 
3 +7750\9.3902| 1.20773 ve -I |537,157 
01.2 |538,456 
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TABLE 26.—Squares, Cups, SQUARE Roots, CUBE Roots, REectprocais CrRCUMFERENCES AND CrRcULAR AREAS—(Continued) 
No. | Square Cube Bae i) Gee Beas alia ICE Sa. Cu. 1000 X No. = Dia. 

root root recip. Circum Ar No. | Square Cube i 5 
: : : ea root root recip. Circum. | Area 

829| 687,241| 569,722,780|28.7924/9.3040| 1.20627 |2604.4 |530,758 898| 806,404| 724,150,792|29.9666|9.6477| 1.11359 |2821.2 |633,348 
830| 688,000 571,787,000 28.8007|9.3978| 1.20482 |2607.5 541,061 899] 808,201) 726,572,699|29.9833|9.6513| 1.11235 |2824.3 |634,760 
- 690,561) 573,856,191|28.8271\9.4016 1.20337 |2610.7 |542,365 900] 810,000] 729,000,000) 30.0000/9.6549| 1.I111r |2827.4 |636,173 
32) 692,224) 575,030,368|/28.8444|9.4053| 1.20102 |2613.8 |543,671 901| 811,801] 731,432,701/30.0167|/9.6585| 1.10088 |2830.6 |637,587 
833] 603,889] 578,000,537|28.8617 9.4001} 1.20048 |2616.9 |544,079 902) 813,604) 733,870,808)30.0333|9.6620] 1.10865 |2833.7 |639,003 
i oe pe Le a ee I.19904 |2620.1r |546,288 903] 815,409] 736,314,327/30.0500/9.6656| 1.10742 |2836.9 |640,421 
ae be 3 1875|28 .8964|/9. 416: 1.19760 |2623.2 |547,599 904] 817,216) 738,763,264/30.0666/9.6602| 1.10619 |2840.0 |641,840 
3 98,896] 584,277,056)28.9137/9.4204 I.19617 |2626.4 |548,012 905] 819,025] 741,217,625|30.083210.6727| 1.10497 |2843.1 |643,26r 
837| 700,560] 586,376,253/28.0310 9-4241| 1.10474 |2629.5 |550,226 906} 820,836] 743,677,416|30.0008|9.6763] 1.10375 |2846.3 |644,683 
838) 702,244) 588,480,472|28.9482 9-4279| 1.190332 |2632.7 |551,541 907| 822,649] 746,142,643|30.116419.6790| 1.10254 |2849.4 |646,107 
839] 703,921) 590,580,719|28.0655/9.4316| 1.109189 |2635.8 |552,858 908] 824,464] 748,613,312/30.1330/9.6834| 1.10132 |2852.6 |647,533 
840] 705,600] 502,704,000| 28.9828 9-4354| 1.19048 |2638.9 (554,177 900| 826,281] 751,080,429/30.1496]9.6870| I.1001r |2855.7 |648,060 
841] 707,281) 594,823,321|/29.0000 9-4391| 1.18906 |2642.1 |555,497 910} 828,100] 753,571,000|30.1662|9.60905| 1.00890 |2858.8 |650,388 
842) 708,064] 596,047,688/29.0172|9.4420| 1.18765 |2645.2 |556,810 911] 820,921] 756,058,031/30.1828/9.6941| 1.00769 |2862.0 |651,818 
843| 710,649] 509,077,107|29.0345|0.4466 1.18624 |2648.4 |558,142 912) 831,744] 758,550,528)30.1993}9.6076| 1.00649 |2865.1 |653,250 
844) 712,336) 601,211,584/29.0517/0.4503| 1.18483 |26sr.5 |550,467 913] 833,560] 761,048,4907/30.2150|9.7012| 1.00520 |2868.3 |654,684 
845] 714,025] 603,351,125|29.0689|9.4541 1.18343 |2654.6 |560,704 914| 835,306] 763,551,944]30.2324/9.7047| 1.09409 |2871.4 |656,118 
846) 715,716] 605,405,736/20.0861/9.4578| 1.18203 |2657.8 |s562,122 915] 837,225] 766,060,875|30.24090|9.7082| 1.09290 |2874.6 |657,555 
847| 717,409] 607,645,423/29.1033/0.4615 I.18064 |2660.9 {563,452 916| 839,056] 768,575,296/30.2655|9.7118| 1.00170 |2877.7 |658,903 
848] 719,104] 600,800,192|29.1204/9.4652| 1.17925 2664.1 |564,783 917| 840,889] 771,095,213|30.2820/9.7153| 1.09051 |2880.8 |660,433 
849| 720,801) 611,960,040|20.1376|9.4600| 1.17786 |2667.2 |566,116 918] 842,724] 773,620,632/30.2085|9.7188| 1.08032 |2884.0 |661,874 
850] 722,500] 614,125,000)29.1548|9.4727| 1.17647 2670.4 |567,450 919] 844,561) 776,151,559|/30.3150|\9.7224] 1.08814 {2887.1 |663,317 
851) 724,201] 616,295,051/29.1719|9.4764| 1.17509 |2673.5 |568,786 920] 846,400] 778,688,000/30.3315|/9.7259| 1.08606 |2890.3 |664,761 
852/| 725,904] 618,470,208|29.1890\9.4801| 1.17371 |2676.6 570,124 921| 848,241| 781,229,961|30.3480|9.72904] 1.08578 |2893.4 |666,207 
853] 727,609] 620,650,477|20.2062/9.4838| 1.17233 |2679.8 {571,463 922] 850,084| 783,777,448/30.3645|9.7329| 1.08460 |2896.5 |667,654 
854| 720,316| 622,835,864|20.2233|9.4875| 1.17006 |2682.9 |572,803 923] 851,920] 786,330,467|30.3800/9.7364| 1.08342 |289090.7 |669,103 
855] 731,025| 625,026,375|/20.2404|9.4912| 1.16959 |2686.1 574,146 924| 853,776] 788,889,024|30.3074|9.7400| 1.08225 |2902.8 |670,554 
856| 732,736| 627,222,016|29.2575|9.490490| 1.16822 |2689.2 |575,490 925} 855,625] 791,453,125|30.4138|9.7435| 1.08108 {2906.0 |672,006 
857] 734.449] 629,422,793/29.2746|9.4986| 1.16686 |2602.3 |576,835 926] 857,476] 794,022,776|30.4302/9.7470| 1.07991 |29090.1 |673,460 
858| 736,164) 631,628,712|29.2916/9.5023| 1.16550 |2605.5 |578,182 927] 859,329| 796,597,983|30.4467/9.7505| 1.07875 |2912.3 |674,915 
859) 737,881| 633,839,779|/29.3087|9.5060| 1.16414 |2608.6 |579,530 928] 861,184] 790,178,752|30.4631/9.7540| 1.07759 {2915.4 |676,372 
860| 739,600] 636,056,000/29.3258|9.5007| 1.16279 |2701.8 |580,880 929] 863,041] 801,765,089|30.4795|9.7575| 1-07643 |2018.5 |677,831 
861| 741,321] 638,277,381|20.3428|9.5134] 1.16144 |2704.9 |582,232 930| 864,900] 804,357,000|30.4059|9.7610| 1.07527 |2021.7 |679,291 
862) 743,044) 640,503,928|29.3508|9.5171| 1.16009 |2708.1 |583,585 031| 866,761| 806,054,491/30.5123/9.7645| 3.07411 |2024.9 |680,752 
863| 744,769| 642,735,647|29.3769\9.5207| 1.15875 |2711.2 {584,940 932| 868,624] 800,557,568/30.5287/9.7680| 1.07296 |2028.0 |682,216 
864) 746,496] 644,972,544/29.3939|9.5244| 1.15741 |2714.3 |586,297 933] 870,489] 812,166,237/30.5450/9-7715| 1.07181 |2931.1 |683,680 
865] 748,225| 647,214,625|/20.4100|9.5281| 1.15607 |2717.5 |587,655 934| 872,356] 814,780,504|30.5614|9.7750| 1.07066 |2034.2 |685,147 
866) 749,956] 640,461,896/29.4279/9.5317| 1.15473 |2720.6 |589,014 035] 874,225| 817,400,375|30.5778|9-7785| 1.06952 |2037.4 |686,615 
867| 751,689| 651,714,363|29.4449|9.5354| 1.15340 |2723.8 |590,375 936| 876,096| 820,025,856|30.5941|9.7819] 1.06838 |2040.5 |688,084 
868] 753.424| 653,9072,032|29.4618|9.5301| 1.15207 |2726.9 |501,738 937| 877,969] 822,656,053|30.6105/9.7854] 1.06724 |2043.7 |689,555 
869] 755,161] 656,234,900|/20.4788/9.5427| 1.15075 |2730.0 |593,102 938] 879,844] 825,293,672|30.6268/9.7880] 1.06610 |2046.8 |691,028 
870] 756,900] 658,503,000|29.4958/9.5464| 1.14943 |2733.2 |504,468 939| 881,721] 827,936,019/30.6431|9.7924] 1.06406 |2050.0 |692,502 
871| 758,641| 660,776,311|/29.5127|9.5501| 1.14811 |2736.3 |595,835 940] 883,600] 830,584,000|30.6504/9.7959| 1.06383 |2953.1 |693,078 
872| 760,384] 663,054,848|29.5206|9.5537| 1.14679 |2739.5 |597,204 941| 885,481] 833,237,621/30.6757|9.7993| 1.06270 |2956.2 |695,455 
873) 762,129] 665,338,617|29.5466/9.5574| 1.14548 |2742.6 |598,575 942] 8&7,364| 835,896,888/30.6920/9.8028|} 1.06157 {2959.4 |606,934 
874| 763,876] 667,627,624|29.5635|9.5610| 1.14416 |2745.8 {599,047 943| 889,249] 838,561,807/30.7083|9.8063] 1.06045 [2062.5 |608,415 
875] 765,625| 669,021,875|/29.5804\9.5647| 1.14286 |2748.9 |601,320 044| 891,136] 841,232,384]30.7246|9.8007| 1.05932 [2065.7 |699,807 
876] 767,376| 672,221,376|20.5073/9.5683| 1.14155 |2752.0 |602,696 945| 893,025] 843,008,625|30.7400|9.8132| 1.05820 |2068.8 |701,380 
877| 769,129] 674,526,133|29.6142/9.5719| 1.14025 |2755.2 |604,073 946] 894,916] 846,590,536|30.7571|9-8167| 1.05708 |2071.9 |702,865 
878! 770,884] 676,836,152|/29.6311|9.5756| 1.13805 |2758.3 |605,451 947| 896,809] 849,278,123/30.7734|9.8201| 1.05597 |2975.I |704,352 
879| 772,641] 670,151,439|29.6479|9.5792| 1.13766 |2761.5 |606,831 948] 898,704] 851,971,392|30.7806|9.8236] 1.05485 |2978.2 |705,840 
880] 774,400] 681,472,000/29.6648|\9.5828| 1.13636 |2764.6 |608,212 949] 900,601| 854,670,340] 30.8058|9.8270| 1.05374 |2981.4 |707,330 
881| 776,161| 683,797,841|/29.6816|9.5865| 1.13507 |2767.7 |609,595 950| 902,500 857,375,000|30.8221/9.8305| 1.05263 |2984.5 |708,822 
882| 777,024] 686,128,068|29.6085|9.5901| 1.13379 |2770.9 |610,980 951| 904,401| 860,085,351]30.8383/9.8330) 1.05152 2987.7 |710,315 
883] 779,689] 688,465,387|29.7153/9.5037| 1.13250 |2774.0 |612,366 952| 906,304] 862,801,408/30.8545/9-8374] 1.05042 |2000.8 |711,809 
884| 781,456| 690,807,104|29.7321/9.5973| 1.13122 |2777.2 |613,754 953] 908,200] 865,523,177/30.8707/9.8408) 1.04932 |2003.9 713,306 
885] 783,225| 603,154,125|29.7489|9.6010| 1.12904 |2780.3 |615,143 954| 910,116] 868,250,664] 30.8860/9.8443] 1.04822 |2007.1 |714,803 
886] 784,996] 605,506,456|29.765819.6046| 1.12867 |2783.5 |616,534 955| 912,025| 870,983,875|30.9031/9.8477| 1.04712 |3000.2 716,303 
887| 786,769] 697,864,103|29.7825|9.6082| 1.12740 |2786.6 |617,027 956] 913,936| 873,722,816|/30.91902/9.8511| 1.04603 }3003.4 |717,804 
888] 788,544| 700,227,072|29.7993|9.6118| 1.12613 |2789.7 |619,321 957] 915,849] 876,467,493] 30.9354/9.8546) 1.04493 |3006.5 [719,306 
880] 790,321] 702,595,360|29.8161/9.6154| 1.12486 |2792.9 |620,717 058] 017,764] 879,217,912|30.9516|9.8580] 1.04384 |3009.6 |720,810 
890| 792,100| 704,969,000|29.8329/9.6190] 1.12360 |2796.0 622,114 959] 919,681] 881,074,079|30.9677/9.8614] 1.04275 )3012.8 |722,316 
891] 793,881| 707,347,071|29.8496|9.6226] 1.12233 [2799.2 |623,513 960| 921,600] 884,736,000]30.0830/9.8648| 1.04167 }3015.9 1aS a8 
892| 795,664] 709,732,288|29.8664/9.6262| 1.12108 |2802.3 |624,913 961| 923,521] 887,503,681/31.0000/9.8683] 1.04058 |30I9.1 isaraes 
893] 797,449| 712,121,057|29.8831\9.6298] 1.11982 |2805.4 626,315 962| 925,444] 899,277,128/31.0161/9.8717] 1.03950 |3022.2 |726,842 
804! 790,236] 714,516,084)/20.80908/9.6334] 1.11857 |2808.6 [627,718 963] 927,369} 893,056,347|31.0322/9.8751| 1.03842 |3025.4 Dacre 
895] 801,025] 716,017,375|29.9166|9.6370| 1.11732 [2811.7 |629,124 964] 929,206] 803,041,344/31.0483/9.8785| 1.03734 |3028.5 |729,867 
8096} 802,816] 710,323,136|29.9333|9.6406| 1.11607 |2814.9 |630,530 965] 931,225| 808,632,125|31.0644/9.8819 bp cste2 3031.6 ae 

897] 804,600] 721,734,273|29-9500|9.6442| 1.11483 |2818.0 |631,938 966| 933,156] 901,428,696/31.0805/9.8854| 1.03520 |3034.8 [732,899 
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TaBLE 26.—SquaRES, CuBES, SQUARE Roors, Cus Roots, RecipROCALS, CIRCUMFERENCES AND CrrcuLar ArEas—(Continued) 
Sa. Cu. Sey, No. = Dia. Sq. Cu. 1000 X | No. = Dia. 
: : No. | Square Cube : 
toa avers ogee root | root recip. Circum.| Area re root | root recip. |Circum.| Area 
967] 935,080] 904,231,063|31.0966|9.8888| 1.03413 [3037.9 [734,417 984| 968,256] 952,763,904|31.3688|9.9464| 1.01626 |3091.3 | 760,466 
968] 937,024] 907,039,232|31.1127/9.8922| 1.03306 |3041.I |735,937 985| 970,225] 955,671,625|31-3847/9.9497| 1.01523 |3094.5 |762,013 
969| 938,961] 909,853,200/31.1288/9.8056| 1.03199 |3044.2 |737,458 986] 972,196] 958,585,256|31.4006|9.9531| 1.01420 |3097.6 |763,561 
970| 940,900] 912,673,000/31.1448/9.8990| 1.03003 |3047.3 |738,981 987| 974,169] 961,504,803/31.4166/9.9565| 1.01317 |3100.8 |765,1IE 
971| 942,841} )15,498,611/31.1600|9.9024| 1.02987 |3050.5 |740,506 988| 976,144] 964,430,272/31.4325/9.9598| 1.01215 |3103.9 |766,662 
972| 944,7%4| 918,330,048/31.1769|9.9058} 1.02881 |3053.6 |742,032 989] 978,121] 967,361,669) 31.4484/9.9632) 1.01112 |3107.0 {768,214 
973| 946,720] 921,167,317|31.1920|9.9002| 1.02775 |3056.8 |743,559 990| 980,100] 970,299,000/31.4643/9.9666/ 1.01010 |3110.2 |769,769 
974| 948,676} 924,010,424/31.2090/9.9126| 1.02669 |3059.9 745,088 991| 982,081) 973,242,271|31.4802/9.9699| 1.00908 |3113.3 |771,325 
975| 50,625] 926,859,375/31.2250|9.9160| 1.02564 |3063.1 |746,619 992| 984,064] 976,191,488] 31. 4960/9.9733| T.00806 |3116.5 |772,882 
976) 952,576] 929,714,176/31.2410)9.91904/ 1.92459 |3066.2 |748,151 993] 986,049] 979,146,657/31.5119|9.9766| 1.00705 |3119.6 |774,441 
947| 954,529] 932,574,833/3I.2570/9.9227| 1.02354 |3069.3 |749,685 994] 988,036] 982,107,784/31.5278|9.9800| 1.00604 |3122.7 |776,002 
)78| 956,484] 935,441,352|31.2730|9.9261| 1.02240 |3072.5 |751,221 995| 990,025] 985,074,875|31.5436/9.9833] 1.00503 |3125.9 |777,564 
979] 958,441] 938,313,739|31.2890/9.9295| 1.02145 |3075.6 |752,758 996] 992,016] 988,047,936/31.5595|9.9866| 1.00402 |3129.0 |779,128 
980] 960,400] 941,192,000|31.3050/9.9329| 1.02041 |3078.8 |754,206 997| 994,009] 991,026,973|31.5753|9-9900) 1.00301 |3132.2 |780,603 
981) 962,361} 944,076,141/31.32090/9.9363} 1.01937 |3081.9 |755,837 998| 996,004) 994,011,992/31.5911|9.9933, 1.00200 |3135.3 |782,260 
982| 964,324! 946,966,168)/31.3369/9.9306| 1.01833 !3085.0 |757,378 999) 998,001 997,002,999] 31 .6070!9.9967 I.00100 |3138.5 |783,828 
983 966,280| 949,862,087|31.3528/9.9430| 1.017290 [3088.2 758,022 | | 
TABLE 27.—AREAS AND CIRCUMFERENCES OF CIRCLES—DECIMAL DIvISIONS 
ee | eee Circum- Diam- ces Circum- Diam- nee Circum- || Dia- FA | Circum- 
eter ference eter ference eter | ference eter | ery ference 
0.0 5 15.9043 | 14.1372 9.0 63.6173 | ! ) 
7 ; z 3 28.2743 || -S | 143.1388 42.4115 
2 Us a 6 16.6190 14.4513 I 65.0388 28.5885 || -6 | 145.2672 42.7257 
’ es a .62832 7 17.3494 14.7655 .2 66.4761 28.9027 || a7 147.4114 43.0398 
ie Pee ee .8 18.0056 I5.0706 23 67.9291 29.2168 || -8 ; 149.5712 43-3540 
: 2: a2s 20) 18.8574 15-3938 «4 69.3978 29.5310 || 9 | 151.7468 43.6681 
) } 
a -19635 1.5708 : | 
: ees : x to) 19.6350 15.7080 At 70.8822 29.8451 || 14.0 153.9380 43.9823 
; : 4 .8850 si 20.4282 16.0221 6 72.3823 30.1 ze 6 
- ie ee -1593 - | 156.1450 44.2065 
i - 199 me 21.2372 16.3363 ay 73.8081 30.4734 2 | 158.3677 44.6106 
¢ . 50265 2.5133 aa 22.0618 16.6504 8 75.4206 0.7876 | 6 
“9 -63617 2.8274 “4 22.9022 16.9646 mgs ] = ae —- 
9 +904 “9 76.9769 31.1018 | or! 162.8602 45.2389 
TAO +7854 3.1416 “5 23.758 
- ae eek 2 3.7583 17.2788 10.0 78.5308 31.4159 || i | 165.1300 45.5531 
: Rees : ; 24.6301 17.5920 SS 80.1185 31.7301 -|| 6 | 167.4155 45.8673 
3 Si} 3.7609 alg 25.5176 17.9071 2 81.7128 32.0442 7 | 
+3 1.3273 4.0841 -8 26.4208 18.2212 8 as / "3 aie pa 
4 1.5304 4.30982 9 27.3397 78.5 5 eet areas: Pia Le ei 
+5354 a4! 84.0487 32.6726 | -9 174.3662 46.8007 
“5 1.7671 4.7124 0 28.2 8 / 
6 2.0106 5.0265 ta oe on ee 5 86.5001 32.9867 15.0 | 176.7146 47.1230 
- Bane ates i ae ee bh oe 33 3009 | m2 4 / 179.0786 47.4380 
8 2.5447 5.6549 3 31.1725 19.7920 '8 seca Wee ca “Tolle pabeeee p= 
-9 2.8353 5.9690 4 32.1609 20.1062 Se ont Ghee rend = iit pages. 
. 9 93.3132 34.2434 -4 | 186.2650 48.3805 
2.0 3.1416 6.2832 ok ie Yidete Me 20 | 
o Lee ae 3 4204 II.0 95.0332 34.5575 +5 | 188.6010 48.69. 
973 6 34.2119 20.7345 I 06.768 8717 Pa a 
+2 3.8013 6.9115 nu) 35.2565 21.0487 2 otek es = fir Ss eee pene: 
+3 4.1548 T2257 ae 36.3168 21.3628 23 eones eins : ee pada 
4 4.5239 | 7.5308 9 37.3028 21.6770 4 ae ae say “RNR : gt at 2." 
. 2.0703 35.8142 / .9 198.5565 49.9513 
5 4.9087 7.8540 io) | 
fl 38.4845 21.9011 ‘ 8 5 8 | 
6 5.3003 8.1681 ae 39.5010 ba anes fe eet | 36.1283 16.0 201.0610 50.2655 
4 5.7256 8.4823 “2 40.7150 22.6105 a von ae / ag oe 203.5832 50.5796 
“ 6.1575 8.7965 3 41.8539 22.9336 8 roo. nf ee | es ee oe 
9 6.6052 9.1106 4 43.0084 23.2478 ¢ eel pal (Maio. ——s 
; 9 III. 2202 37.38 } 
fs | 37-3850 |} 4 211.2407 §I.5221 
. . 
: 7.0686 9.4248 5 * 44.1786 23.5610 12,0 113.0073 a 
; ane eres E Ge Bias -007 7.6001 5 213.8246 51.8386 
is 8.0425 roecae +I II4.9001 38.0133 6 216 
€ : i 40.5663 24.1903 2 116. 8087 a eanl merce a 
4 Boe 10.3673 8 47.7836 24.5044 3 118.8229 a | i cae eaan mit ne 
9.0792 10.6814 9) 49.1067 24.8186 + 120.76 8 ae ) ye ahs pa i 
; od - 7628 38.0557 | .9 224.3176 §3.0029 
o 9.0211 10.9056 ° 50.26 
6 : 55 25.1327 A 122.7 
10.1788 II.3007 «I 51.5300 25.4460 ¢ yt ey: shied Vilage as-407" 
7 War Rey T1.6239 2 52.8102 25.7611 i tea SP. SEE Le 229.6583 53.7212 
8 ‘A % : 5 : 7 126.67 eae = 
. ze He II.9381 +3 54.1061 26.0752 3 128 ee ae a psy 2 54.0354 
a 12.2522 A gears se. ston is er eh. 3 235.0618 54.3406 
4.0 12.5664. 12.5664 5 4 237.7871 54.6637 
‘ 5 56.7450 26.70 
sn a. | +7935 13.0 T39).77 ” 
+2 " fe 12.8805 | +6 58.0880 27.0177 oI me ie: ied Ps ge is patie obi 
58) Hea ae 7 59.4468 27.3310 oa 136.8 78 Par é pip psea Sees 
4 15.2083 ee | 8 60.8212 27.6460 3 hy. lt of 246.0574 55.6062 
3 ‘ 13. ec C y | 
Se 325230751 micD. sil Oa.arra 27.9602 4 141.0261 e Ae | . eg oa yr 
ss 42.0073 | 9 251.6404 56.2345 


TABLE 27.—AREAS AND CIRCUMFERENCES OF CIRCLES—DECIMAL Drvistons—(Continued) 


MATHEMATICAL TABLES 


Diam- Circum- Diam- Circum- 
eter | : pee | ference eter Bee ference 
18.0 254.4690 56.5487 nS 471.4352 76.9690 

Ge 257.3043 56.8628 .6 475.2916 77.2832 
2 260.1553 57.1770 cif 479.1636 17.5973 
as 263.0220 57-4911 8 483.0513 77.9115 
4 265.9044 57.8053 ate) 486.9547 78.2257 
as 268.8025 58.1105 25.0 490.8739 78.5308 
.6 271.7163 58.4336 nf 494.8087 78.8540 
oa 274.6459 58.7478 +2 498.7592 79.1681 
-8 277.5911 59.0619 3 502.7255 79.4823 
-9 280.5521 59.3761 -4 506.7075 79.7965 
19.0 283.5287 59.6903 ah 510.7052 80.1106 
at 286.5211 60.0044 .6 514.7185 80.4248 
.2 289.5292 60.3186 Sif 518.7476 80.7380 
33 292.5530 60.6327 .8 522.7024 81.0531 
na 295.5925 60.9469 30 526.8529 81.3672 
25 298.6477 61.2611 26.0 530.9202 81.6814 
.6 301.7186 61.5752 a 535.0211 81.9956 
By 304.8052 61.8804 a2] 539.1287 82.3007 
-8 307.9075 62.2035 a 543.2521 82.6230 
-9 311.0255 62.5177 -4 547.3911 82.9380 
20.0 314.1503 62.8310 5 551.5459 83.2522 
<< 317.3087 63.1460 -6 555-7163 83.5664 
72 320.4739 63.4602 an 559.9025 83.8805 
=3 323.6547 63-7743 8 564.1044 84.1947 
-4 326.8513 64.0885 .9 568.3220 84.5088 
a5 330.0636 64.4026 27.0 572.5553 84.8230 
-6 333.2916 64.7168 aE 576.8043 85.1372 
Bf 336.5353 65.0310 .2 581.0690 85.4513 
-8 339-7947 65.3451 oe 585.3494 85.7655 
+9 343.0698 65.6593 4 589.6455 86.0796 
21.0 346.3606 65.9734 75 593.9574 86.3038 
rt 4 349.6671 66.2876 <0 598.2849 86.7080 
52 352.9803 66.6018 By f 602.6282 87.0221 
<3 356.3273 66.9159 .8 606.9871 87.3363 
4 359.6809 67.2301 9 611.3618 87.6504 
5 363.0503 67.5442 28.0 615.7522 87.9646 
6 366.4354 67.8584 ei 620.1582 88.2788 
“3 369.8361 68.1726 ae 624.5800 88.5929 
8 3732520 68.4867 a 629.0175 88.9071 
.9 376.6848 68.8009 A 633.4707 89.2212 
22.0 380.1327 69.1150 5 637.9397 89.5354 
of 383.5963 69.4292 .6 642.4243 89.8495 
2 387.0756 69.7434 7 646.9246 90.1637 
3 390.5707 70.0575 8 651.4406 90.4779 
4 394.0814 70.3717 -9 655.9724 90.7920 
es 397.6078 70.6858 29.0 660.5199 91.1062 
6 401.1500 71.0000 Ae! 665.0830 91.4203 
a 404.7078 71.3142 ne: 669.6619 91.7345 
8 408.2814 71.6283 Ae) 674.2565 92.0487 
-9 411.8706 71.9425 “4 678.8668 92.3628 
23.0 415.4756 72.2566 as 683.4927 92.6770 
oe 419.0963 72.5708 .6 688.1345 92.9911 
2 422.7327 72.8840 Auf 692.7919 93.3053 
ay 426.3848 73.1991 .8 607.4650 93.6105 
4 430.0526 73.5133 +9 702.1538 93.9336 
+5 433-7361 73.8274 30.0 706.8583 94.2478 
6 437-4354 74.1416 ret 711.5786 904.5619 
ea] 441.1503 74.4557 <2 716.3145 94.8761 
.8 444.8800 74.7699 a3 721.0662 95.1003 
-9 448.6273 75.0841 4 725.8336 95.5044 
24.0 452.3893 75.3982 Pac 730.6167 95.8186 
ot 456.1671 We TE2h .6 735-4154 96.1327 
22 459.9606 76.0265 a4 740.2299 96.4469 
+3 463.7698 76.3407 .8 745.0601 96.7611 
4 467.5946 76.6549 9 749.9060 97.0752 


35 


545 
Diam- | reas | Circum- Diam- fies Circum- 
eter ference eter ference 
31.0 754.7676 97.3894 -5 I104.4662 117.8007 
I 759.6450 97.7035 .6 | 1110.3645 | 118.1230 
<2 764.5380 08.0177 Fixe I116.2786 118.4380 
73 769.4467 98.3319 8 II22.2083 118.7522 
oAt FTA Tila 98.6460 it) 1128.1538 119.0664 
5 779.3113 98.9602 38.0 I134.1149 II9.3805 
.6 784.2672 99.2743 5 1140.09018 I19.6047 
“7 789. 2388 99.5885 «2 1146.0844 120.0088 
8 794.2260 99.9026 ad II52.09027 120.3230 
-9 799.2290 100.2168 -4 I158.1167 120.6372 
32.0 804.2477 100.5310 75 164.1564 120.9513 
aun 809. 2821 100. 8451 6 II70,2118 I21.2655 
Kia 814.3322 IOI.1593 AG] 1176. 2830 I21.5796 
v3 819.3080 IOIL.4734 8 1182.3608 I21.8938 
4 824.4796 101.7876 20 1188.4723 I22.2080 
aS 829.5768 102.1018 39.0 II94.5906 122.5221 
-6 834.6807 102.4159 oi: 1200.7246 122.8363 
Ai? 830.8184 102.7301 Ae 1206. 8742 123.1504 
8 844.9628 103.0442 3 I213.0396 123.4646 
69 850.1229 103.3584 4 I21Q.2207 123.7788 
33.0 855.2986 103.6726 5 1225.4175 124.0929 
ot 860.4902 103.9867 .6 I231.6300 124.4071 
Be 865.6073 104.3009 EG 1237.8582 124.7212 
523) 870.9202 104.6150 ates I244.1021 125 .0354 
of) 876.1588 104.9292 .9 I250.3617 125.3495 
5 881.4131 105.2434 40.0 I256.6371 125.6637 
AO 886.6831 305.5575 at 1262.9281 125.9779 
77 801.9688 105.8717 ae I1269.2348 126.2920 
ao) 897.2703 106.1858 aS I1275.5573 126.6062 
.9 902.5874 106.5000 4 1281.8055 126.9203 
34.0 907.9203 106.8142 5 1288.2493 127.2345 
a 913.2688 107.1283 -6 1294.6189 127.5487 
of} 918.6331 107.4425 oft IZ0I.0042 127.8628 
23 924.0131 107.7566 -8 1307.4052 128.1770 
vA! 929.4088 108.0708 +9 1313.82I19 128.4911 
5 934.8202 108.3846 41.0 1320.2543 128.8053 
.6 940.2473 108. 69901 ane 1326.7024 I29.1195 
ay? 945.6901 109.0133 73 1333. 1663 129.4336 
8 951.1486 109.3274 is 1339.6458 129.7478 
-9 956.6228 109.6416 fl 1346.1410 130.0619 
35.0 962.1127 109.9557 ok I352.6520 130.3761 
Pe 4 967.6184 II0. 2699 nO: 1359.1786 130.6903 
Av 973.1397 I10. 5841 -7 365.7210 I3I.0044 
73 978.6768 I10. 8982 .8 I372.2791 131.3186 
ey 984.2206 ErD.224 .9 1378.8520 131.6327 
oS 989.7980 TTL. 5205: 42.0 1385.4424 131.9460 
.6 995.3822 IIr.8407 oe 1392.0476 132.2611 
AY I000.9821 112.1549 a3 1398. 6685 132.5752 
8 1006.5077 I12.46090 cs I405.3051 132.8804 
.9 I0I2.2290 112.7832 ra I4Il.9574 133.2035 
36.0 1017.8760 113.0073 als I418.6254 USSCSLT7 
au 1023 .5387 II3.4115 .0 I425.3002 133.8318 
me 1029.2172 TEs. 7 257 aT 432.0086 134.1460 
S| 1034.9113 I14.0308 .8 1438.7238 134.4602 
A 1040.6211 114.3540 9 1445.4546 134.7743 
AS 1046.3467 114.6681 43.0 I452.2012 135.0885 
.6 I052.0880 114.9823 wr 1458.9635 135.4026 
i 1057.8449 115.2965 2 1465.7415 135.7168 
.8 1063 .6176 115.6106 eS I472.5352 136.0310 
.9 1069. 4060 115.9248 -4 1479.3446 136.3451 
37.0 1075.2101 116.2380 5 1486. 1607 136.6503 
a | 1081.0299 116.5531 .6 I493.0105 136.0734 
2 1086. 8654. 116.8672 4 1499.8670 137.2876 
Be 1092.7166 I17.1814 .8 1506. 7393 137.6018 
4 | 1098.5835 | 117.4956 .o | 1513.6272 | 137.9159 
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TABLE 27.—AREAS AND CIRCUMFERENCES OF CIRCLES—DECIMAL Drvrstons— (Continued) 
Circum- 


Diam- | | Circum- Diam- Circum- Diam- Circum- Diam- 
Area 3 
eter ference-_ eter | ee ference eter | Paces ference - eter ‘ference 
44.0 | 1520.5308 138.2301 5 | 2002.9617 | 158.6504 57.0 | 2551.7586 | 179.0708 -5 | 3166.9217 199.4911 
a I527.4502 138.5442 .6 | 2010.9020 158.9646 aes 2560.7200 179.3849 .6 | 3176.9041 199.8053 
.2 | 1534.3853 | 138.8584 -7 | 2018.8581 | 159.2787 .2 | 2569.6971 | 179.6991 -7 | 3186.9023 | 200.1195 
.3 | 1541.3360 | 139.1726 8 | 2026.8299 | 159.5929 -3 | 2578.6899 | 180.0133 -8 | 3196.9161 | 200.4336 
.4. | 1548.3025 | 139.4867 9 | 2034.8174 | 159.9071 4 | 2587.6984 | 180.3274 -9 | 3206.9456 | 200.7478 
ai 1555.2847 139.8009 51.0 2042 .8206 160.2212 5 2506.7227 180.6416 64.0 3216.9909 201.0620 
0 1562.2826 140.1150 I 2050.8395 160.5354 -6 2605.7626 180.9557 -I 3227-0518 201.3761 
6 6 J é 
an} 1569. 2962 140.4292 of) 2058.8742 160.8495 27 2614.8182 181.2699 Re 3237.1285 201.6902 
.8 1576.3255 140.7434 aS 2066.9245 I61.1637 8 2623 .8806 181.5841 om 3247-2209 202.0044 
.9 I583.3705 I41.0575 4 2074.9905 161.4779 9 2632.9766 181.8982 +4 3257.3289 202.3186 
45.0 1590.4313 141.3717 5 2083 .0723 168 7920 58.0 2642 .0794 182.212. 

F F ; 3 4 a 267.452 202.6. 
at I15907.5077 141.6858 .6 2091 .1607 162.1062 a: 2651.1979 182.5265 -6 oe 202 pe 
a 1604 .5999 142.0000 aT, 2009. 2820 162.4203 2 2660.332I1 182.8407 ‘3 3287.7474 203.2610 
2} IO1I.7077 142.3141 8 2107.4118 162.7345 3 2669.4820 183.1549 8 3297.9183 203.575 
4 1618 .8313 142.6283 9 2115.5563 163.0487 4 2678 .6475 183.4690 +9 sank ana pr 
as 1625.9705 142.9425 52.0 2123.7166 163.3628 

A i - Bi 2687 .828 183.7832 | 65. 
-6 1633.1255 143 (2566 at 2131.8926 163.6770 .6 Eh 0 ea nang | 5 per ei alee 
By! 1640. 2962 143.5708 2 2140.0843 163.9911 : : : 
3 : ;: ab 2706 .2386 184.4115 2 3338 8 
8 1647.4826 143.8849 3 2148.2017 16 sei aa mae: 
? 4.3053 .8 2715.4670 184.7256 3 008 
9 1654.6847 144.1991 4 2156.5149 164.61 : te r net ae 
é 6195 .9 2724.7112 185.0308 4 3359.2736 20 
x 2 5.4602 
46.0 1661.9025 144.5133 5 2164.7537 16. 
é - 9336 . 
I 1669.1360 144.8274 .6 2173.0082 pee bes ais eet = pi mee 
ma 1676.3852 145.1416 or | 2181.2785 16 61 bees ke Speen a pst pb ee 
A 5.5619 .2 2752.5378 185.9823 7 3390. 16. 06 
Oe 1683 .6502 I45.4557 8 2189.5644 165.8761 2761.8 ce ar = 
3 OES bk ene ; perce: ee 23 761.8448 186.2064 .8 3400. 4913 206.7168 
A - 1903 “4 2771.1675 186.6106 -9 3410.8350 207.0310 
5 1698 .2272 146.0841 53.0 2206.18 | 
6 Poelsaes 5 Ee : Sane ee 2 2780.5058 186.9248 66.0 3421.19044 207.3451 
ay 1712.8670 146.7124 +2 2222.8653 167 1327 Hei es re: | a oe <a 
8 1720.2105 147.0265 3 2231.2208 264 abo a 2799 .2207 187.5531 / 2 3441 .9603 207.0734 
9 | 1727.5696 | 147.3407 4 | 2230.6r00 | 167.76r0 Beg | Behan Penge “3 | 36a. [aot 
5 -9 2818.0165 188.1814 -4 | 3462.7891 208.6017 
47.9 | 1734.9445 | 147.6540 5 | 2248.00 | | 
.0059 168.1752 = ; 
=i AS ee ee sees eee ex Be 60.0 2827.4334 | 188.4956 -5 | 3473.2270 208.9159 
- ; s - 3804 a 2836.8660 | 188.8007 7 
749.7414 148 . 2832 Sf 2264.8448 168.7035 a oe —— ae 
+3 1757.1634 148.5073 8 aoe ashe see ae a2 2846.3143 189.1239 7 3494. 1500 200.5442 
esl SECRET Lal aealte oe +3 | 2855.7784 | 189.4380 | -8 | 3504.6351 | 200.8584 
: 9.331 4 2865 .2582 189.7522 |} -9 3515.1350 210.1725 
5 1772.0546 149.2257 54.0 22 | 
é : 90.2210 160. 
-6 | 1779.5237 | 149.5308 I | 2208.7112 se < = ge: a 67.0 | 3525.6524 210.4867 
Yi 1787 .0086 149.8540 2 ee he -6 2884.2648 190.3805 | -t | 3536. 1845 210. 8009 
8 1794.50901 150.1681 “3 2315.7386 pace « oe oe * |e win 
9 1802.0254 150.4823 4 2324.2759 I 0. ; : oe SEES, = er es sites 3 
. 70.9026 -9 | 2912.8925 | 91.3230 || -4 | 3567.8754 ag, ae 
8. \ 
48.0 1800.5574 150.7964 5 2332.8280 171.2168 6 / 
ete I8I7.1050 I51.1106 a 2341.3976 5 + eis aey casa we 576.4788 en 
.2 | 1824.668 151 ESSEC I | 2032.0563 | 10r.051 ) ; a 
4 51.4248 +7 2349 .9820 171.8451 Be . peg be 
+3 832.2475 I51.7389 8 2358.5821 172 ie SO St a x pe ahclgi sheer 
-4 | 1839.8423 | 152.0531 pees +3 | 2051.2828 | 192.5706 || , a 
3 9 | 2367.19070 | 172.4734 : “8 | 3610.3497 | 213.0000 
-4 | 2960.91906 | 102.8938 -9 | 362r.0075 | 213.31 
+5 | 1847.4528 | 152.3672 | - 
ed Wa 55-0 | 2375.8204 | 172.7876 = | sov0.89 
7 cehets ee t | 2384.4767 | 173.1018 6 ace — 68.0 | 3631-6811 | 213.6283 
: 2.7210 152.9056 2 230 E : 2980. 2404 193.5221 || ; 
: 3.1306 173.41 |] I 36.42.3704 213.942 
8 1870.3786 153.300 59 7 20809 .0244 I 9425 
‘ 7 ; S 93.8363 | 
_ eee aren 3 2401.8183 173.7301 8 2009.6241 194.150 i| : —— pepe 
+6239 4 2410.5126 174.0442 “9 3009. 3304 mons 6 ss pt pi ie 
‘ = ¢ 4.4046 || 4 3674. 5324 214.8849 
49 5.7410 | 153.9380 s | 2419.2227 | 174.3584 6 | 
- Seon: D . 2.0 019.07 wale | 
2 aie ae Be itpey “6 2427.0485 174.6726 ar pac ay sep és 3685. 2845 215.1001 
: . “7 2436. 6800 174.086 ‘ ~0929 6 3606.052 
«3 1908.90 +9807 .2 038.57 "ry | ‘4 aresstas 
4 rsd. cen pe Siege 8 | 2445.4417 | 175.3009 < 2048 ee coe "7 | 3706.8359 | 215.8274 
55.1947 9 | 2454.2200 | 175.6150 sad haba -8 | 3717.6351 | 216.1416 
-4 | 3058.15190 | 196.0354 ° 8 pve 
- ees rv ten i es < 3728.4500 216.4556 
-6 | 1932.2051 155.8230 : F 175.0202 +S | 3067.0616 | 106 
age a eee he -t || agpmn@nag ct ty6isass . ee bite eho 69.0 | 3739.2807 | 216.7609 
a eae ouen an Ma 2480. 6330 176.5575 m he 90.0037 ra 3750.1270 217.0841 
“4513 “3 | 2489.4687 | 176,871 A Et Bi cileek va | Sree 
9 I 6 7 717 8 Pa | 9890 217 8 
955.6493 156.7655 . 3997 .4847 r | +3082 
-4 | 2498.320 : 7 : if 
3201 177.1858 9 Si0r ded : pa 3 3771.8668 217.7124 
50.0 | 1963.4954 | 157.0706 5 | 2507.18 ; hee ‘4 | 3782.7603 | 218.0265 
+I | 1971.3572 | 157.3038 ; pies ES bla 63.0 | 3117.245 
on 1979.2348 157.7080 ie se ae 177.8141 ok aieiach ee v" a se 
+3 | 1987.1280 | 158.0221 : 524.9687 | 178.1283 .2 | 3137.0687 ers "6 | 3804.5044 | 218.6548 
‘ 8 2533 .8830 178.4425 ie " 198. 5487 +7 3815.5350 
-4 | 1905.0370 | 158.3363 : +3 | 3147.0040 | 108.8 3 peittce 
ssee ih UE -9 | 2542.8120 8 aeitoan +8 | 38 
178.7566 3826.4913 | 219.28 
-4 | 356.0550 | 199.1770 wide 
:9 | 3837.4633 | 219.5073 
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TABLE 27.—AREAS AND CIRCUMFERENCES OF CIRCLES—DeEcIMAL Drvistons—(Continued) 


Circum- Diam- 
Area 
ference eter 


Circum- Diam- Circum- Diam- Circum- 
Area Area 


Area 
ference eter ference eter ference 


3848. 4510 219.9115 : 4596.3464 240.3318 83.0 5410.6079 260.7522 
3859.4544 220.2256 : 


6201.2356 281.1725 
4608.3708 240.6460 


5 5 

.6 of 5423.6534 261.0663 .6 6305.3021 281.4867 
3870.4735 220.5398 a 4620. 4110 240.9602 2 5436.7146 261.3805 5Y/ 6319.3843 281.8009 
3881.5084 220.8540 -8 4632.4668 241.2743 3 5449. 7014 261.6047 8 6333.4822 282.1150 
3892.5589 221.1681 -9 |°4644.5384 241.5885 4 5462.8840 262.0088 9 6347.5958 282.4292 
3903.6252 221.4823 770 4656.6257 241.9026 a5 5475.9923 262.3230 90.0 6361.7251 282.7433 
3914.7072 221.7964 me 4668 .7287 242.2168 Ao) 5489. 1163 262.6371 i 6375.8701 283.0575 
3925.8048 222.1106 22 4680. 8474 242.5310 a7 5502.2560 262.9513 32 6390.0308 283.3717 
3936.9182 222.4248 3 4692.9818 242.8451 8 5515. 4115 263.2655 Ag 6404. 2073 283.6858 
3948.0473 222.7389 al 4705.1319 243.1502 -9 5528.5826 263.5796 4 6418.3994 284.0000 


3959.192I | 223.0531 5 4717.2977 | 243.4734 84. 
3970. 3526 223.3672 . 4729.4792 243.7876 


5 5541.7604 253.8938 6432 .6073 284.3141 
6 
3081.5288 223.6814 7 4741.6765 244.1017 
8 
9 


5 
5554.9720 264.2079 6 6446.8308 284.6283 
5568.1902 264.5221 7 6461.0701 284.9425 
8 
9 


3992.7208 223.9956 4753.8804 244.4159 264.8363 6475.3251 285.2566 


BWRNHO 
un 
a 
oo 
Lal 
> 
iS 
as 
iS) 


4003 .9284 224.3007 4 


4766.1180 244.7301 5594.6738 265.1504 6489.5958 285.5708 
4015.1517 224.6239 78.0 4778. 3624 245.0442 5 5607.9302 265.4646 91.0 6503.8822 285.8849 
4026.3908 224.9380 oe: 4790.6225 245.3584 .6 5621.2203 265.7787 I 6518. 1843 286.1991 
4037.6455 225.2522 a] 4802. 80982 245.6725 7 5634.5171 266.0929 az 6532.5021 286.5132 
4048 .9160 225.5664 m3) 4815.1807 245.9867 8 5647.8206 266.4071 a3 6546.8356 286.8274 
4060. 2022 225.8805 4 4827.4969 246.3009 9 5661.1578 266.7212 4 6561.1848 287.1416 
4071.5041 226.1947 a5 4830.8108 246.6150 85.0 5674.5017 267.0354 5 6575-5497 287.4557 
4082.8216 226.5088 6 4852.1584 246.9292 I 5687.8613 267.3495 .6 6589.9304 287.7699 
4004.1549 226.8230 S/ 4864. 5127 247.2433 2 5701.2367 267.6637 ah 6604.3267 288.0840 
4105.5039 227.1371 8 4876.8828 247.5575 3 5714.6277 267.9779 8 6618.7388 288.3982 
4116.8687 227.4513 9 4889. 2685 OY iW yf 4 5728.0344 268 . 2920 9 6633 .1666 288.7124 
4128.2401 227.7655 79.0 4901.6609 248.1858 5 5741.4569 268.6062 92.0 6647.6100 289.0265 
4139.6452 228.0796 Si 4914.0871 248.5000 6 5754. 8951 268.9203 I 6662 .0692 289.3407 
4I51.0570 228.3938 ae 4926.5199 248.8141 7 5768. 3489 269.2345 ae 6676.5441 289.6548 
4162.4846 228.7079 a5 4938.9685 249.1283 8 5781.8185 269.5486 “3 6601.0347 289.9690 
4173-9278 229.0221 4 4951.4328 249.4425 9 5795.3038 269.8628 4 6705.5410 290. 2832 
4185.3868 229.3363 aS 4963.9127 249.7566 86.0 5808. 8048 270.1770 AG} 6720.0630 290.5973 
41906. 8615 229.6504 .6 4976. 4084 250.0708 at 5§822.3215 270.4911 6 6734.6007 290.9115 
4208.3518 229.9646 oY 4988.9198 250.3849 Be 5835.8539 270.8053 a7 6749.1542 291.2256 
4219.8579 230.2787 8 5001. 4469 250.6991 3 5849.4020 271.1194 8 6763.7233 201.5398 
4231.3797 230.5929 20) 5013.98907 251.0133 4 5862.9659 271.4336 9 6778. 3081 291.8540 
4242.9172 230.9071 80.0 5026.5482 251.3274 .5 5876.5454 271.7478 93.0 6792.9087 292.1681 
4254.4704 231.2212 ais 5039.1224 251.6416 .6 5800.1406 272.0619 I 6807 .5249 202.4823 
4266 .0393 231.5354 ae §051.7124 251.9557 7 5903.7516 272.3701 Avs 6822.1560 292.7964 
4277.6240 231.8495 5} 5064.3180 252.2609 .8 5917.3782 272.6902 3 6836.8046 293.1106 
4289.2243 232.1637 4 5076.9394 252.5840 -9 5931.0206 273.0044 4 6851. 4680 293.4248 
4300. 8403 232.4779 454 5089.5764 252.8082 87.0 5944.6787 273.3186 5 6866.1471 293.7389 
4312.4721 232.7920 6 5102.220902 253.2124 v7 5958.3525 273.6327 6 6880.8419 294.0531 
4324-1105 233.1062 sf 5114.8977 253.5265 2 5972.0419 273.9469 7 6805.5524 | 294.3672 
4335-7827 233.4203 .8 5127.5818 253.8407 +3 50985.7471 274.2610 8 69010. 2786 a4. 0824 
4347.4616 233.7345 9 5140.2817 254.1548 4 5999.4080 | 274.5752 9 | 6925.0205 204.9956 
4359.1562 | 234.0487 81.0 | 5152.9973 | 254.4690 5 | 6013.2047 | 274.8804 94.0 | 6939.7781 oe 
4370. 8664 234.3628 ae 5165.7286 254.7832 .6 6026.9570 275.2035 I 6954.5515 205. a8 
4382.5924 | 234.6770 a2 5178.47560 | 255.0973 -7 | 6040.7250 | 275.5177 .2 | 6960.3405 Oh oe o 
4394.3341 | 234.9911 .3 | 5I191.2384 | 255.4115 8 | 6054.5088 | 275.8318 +3 eee paiceae 
4406. 0915 235.3053 ot 5204.0168 255.7256 9 6068. 3082 276.1460 4 6908 .9657 290. 5003 
4417.8647 235.6194 ae 5216.8109 256.0398 88.0 6082.1234 276.4602 5 hgh ae aes 
4429.6535 | 235.9336 .6 | 5229.6208 | 256.3540 r | 6095.9542 | 276.7743 -6 | 7028.653 207. el 
4441.4580 | 236.2478 .7 | 5242.4463 | 256.6681 2 | 6109.8008 | 277.0885 7 eo tis peag se 2 
4453.2783 | 236.5619 8 | 5255.2876 | 256.9823 3 | 6123.6631 | 277.4026 Baynes pice ee = 
4465. 1142 236.8761 9 5268.1446 257.2964 4 6137.5410 277.7168 9 7073-3037 98.13 
6151.4347 278.0300 95.0 7088.2184 208.4513 
eee Be one, Os ec Jk Ne ; Feire 278.3451 I 7103.1488 208.7655 
nese aes te ae AP: 5306. 8007 258.2389 7 6179. 2692 278.6593 2 7118. pest aoe ie 
4512.6151 | 238.1327 .3 | 5319.72905 | 258.5531 8 | 6193.2101 | 278.9734 ae Le et ao 
4524.5296 238.4469 -4 5332.6650 258.8672 9 6207. 1666 279.2876 4 7148 .0343 99. 
4536.4508 238.7610 5 5345.6162 259.1814 89.0 6221.1388 279.6017 5 7163 .0276 pac 
6 5358. 5832 259.4956 I 6235.1268 | 279.9159 .6 | 7178.0365 300. 3363 
4548. 4057 239.0752 a pee ; gsanvicet beoteacy i Se ae ae 650K 
4560.3673 239.3804 7 5371.505 ont 9 iy 6263. 1498 280.5442 8 7208.1016 300, 9646 
4572.3446 239.7035 8 5384. 5641 260.1239 ‘ 2 at A sees ‘ HG oh re 
4584.3376 240.0177 -9 5397-5782 260.4380 “4 277: 34 280. E bad. 
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TABLE 27.—AREAS AND CIRCUMFERENCES OF CIRCLES—DECIMAL Drvistons—(Continued) 

Diam- | Circum- Diam- Circum- Diam- | (ees Circum- || Diam- | wae Ciret 
eter Ares ference eter See ference eter ference || eter feret 
96.0 7238.2294 | 301.5929 97.0 7389.8113 304.7345 98.0 7542.9639 307.8761 99.0 7697.6874 | 311.0 

-I | 7253.3169 | 301.9071 -I | 7405.0559 | 305.0486 an 7558.3656 | 308.1902 sk 7713.2402 | 311.3 
24 7268 . 4201 302.2212 || 2 7420.3162 305.3628 2 7573-7830 308.5044 -2 7728.8205 Sre.6 
+3 | 7283.5301 | 302.5354 3 | 7435.5921 | 305.6770 3 | 7589.216r | 308.8186 ae 7744.4107 | 311.9 
-4 7298.6737 .| 302.8405 “4 7450.8838 305.9911 -4 | 7604.6648 309.1327 4 7760.0160 312.2 
+5 | 7313-8240 | 303.1637 -5 | 7466.1913 | 306.3053 .5 | 7620.1203 | 309.4469 s | 7775-6382 ]} 312.5 
6 7328.9901 303.4779 .6 7481.5144 306.6194 6 7635.6005 309.7610 6 7791.2754 312.9 
oii 7344-1718 | 303.7920 ay) 7496.8532 | 306.9336 7 7651.1054 | 310.0752 7 7806.9284 | 313.2 
8 7359 .3603 304.1062 8 7512.2077 307.2478 8 7666.6170 310.3894 P:] 7822.5071 313.5 
-9 7374.5824 394.4203 +9 7527.5780 307.5619 9 7682.1443 | 310.7035 -9 7838.2815 313.8 
| | 100.0 7853.9816 314.1 


For larger integral circles see Table 20. 


TABLE 28,—AREAS, CIRCUMFERENCES, SQUARES, CUBES AND FourtH PowERS OF 
(F. E. Kelley, Amer. Mach., July 25, 1901) 


Binary FRACTIONAL QUANTITIES 


s|| Area | Cir, | Square | Cube | 4th power | Area Cir. / Square | Cube~ | 4th pov 
a .00019 +04909 -000244 - 0000038 - 00000006 iE - 78540 3.14159 | 6 I.0 I.0 
a7 -00077 -0082 .000077 . 0000305 . 0000009 dy - 83525 3.2398 1.0635 1.0967 i333 
crs -00173 +1473 -002197 - 0001030 | - 0000048 ts - 88664 3-3379 I.1289 1.1905 1.27 
vs +0031 . 1963 . 003906 0002441 . 0000152 & -93956 3.4361 I.1963 I.3084 1.43 
& 0048 +2454 . 006104 - 0004768 - 0000372 4 -99402 3-5343 1.2656 1.4238 1.60 
a .0069 +2945 -008789 -0008240 -0000771 re I.05 3.6325 1.3369 1.5458 1.78 
nag +0004 +3436 - 011963 - 0013084 - 0001430 Sf I.1075 3.7306 I.4102 1.6746 1.98 
3 +0123 +3927 -015625 -O019531 +000244 rr] 1.1666 3.8288 1.4854 1.8103 2.20 
& -OI55 +4418 -O19775 002781 +0003908 q E2272 3.9270 1.5625 I.9531 2.45 
tr .0192 -4909 +024414 | .003815 -0005954 w 1.2893 4.0252 1.6416 2.1033 2. 
$i 0232 -5400 -029541 | .005077 . 0008702 & 1.3530 4.1233 1.7227 2.2610 2.97 
ts .0276 - 5890 + 035156 -006592 + 001232 er] I.4182 4.2215 1.8057 2.4264 3.2€ 
try .0324 -6381 -041260 - 008381 » 001697 : 1.4849 4.3197 1.8906 2.5996 3.5% 
37 +0376 -6872 -047852 - 010468 002284 #3 1.5532 | 4.4179 1.9775 2.78090 5 
tt +0431 - 7363 -054932 -012875 + 003014 is 1.6230 4.5160 2.0664 2.9705 <a 
; +0491 +7854 +0625 -015625 + 003906 HB 1.6943 4.6142 2.1572 3.1684 <5 
i +0554 -8345 +070557 -018742 -004970 4 1.76715 4.7124 2.25 3.375 5 ou 
a -C62T - 8836 -079102 .022247 -006256 qq 1.8415 4.8106 2.3447 | 3.5904 Py 7 
# -0692 +9327 -088135 -026165 -007762 * 1.9175 4.9087 2.4414 | 3.8147 1% 
ts +0767 -9817 -097656 +030518 -009530 % 1.9949 5g a coal pr es 
# - 0846 I.0308 - 107666 -035328 -O1I58 > 2.0739 5.1051 2.6406 4.2910 6 
% . 00928 1.0790 118164 -040619 01395 a eae ane ease Pie Si =F 
sagt a” - 129150 -046413 - 01668 prs 2.2365 5.3014 | 2.8477 4.8054 3. ; 
- 1104 -I1781r - 140625 -052734 -O1077 2 2.3201 5.3906 2.9541 5.0774 - - 
B - 1198 1.2272 + 152588 - 059605 - 02328 3 2.4053 5.4978 eal “a 
BR . 1296 1.2763 -165039 | .067047 .02723 25 a atind Bt a “ey eho 9-3 7 
; - 5.5060 3.1720 5.6516 10.¢ 
tt - 1398 1.3254 -177979 | -075085 -03165 # 2.5802 5.6 5 
vs - 1503 1.3744 -191406 | .083740 .0366 pass ig 3.2852 53-9543 10.4 
15 4 74 3063 5 2.6699 5.7923 3-3994 6.2677 
cz -1613 1.4235 -205322 | .003037 -04215 q Rogie a I -2677 TE.s 
33 -1726 1.4726 -219727 | .102907 -04837 2 re. z 4 ) G.2018 | oem 
tt +1843 1.5217 -234619 . 113644 .05504 4 pe : pee 3-teus 6.9260 13.3 
3 -1963 1.5708 25 125 .0625 Pn os 3 ee 8 | 3.7539 7-2732 14. 
# - 2088 I.6199 . 265860 . 137080 07075 i sisi pie 3.8760 7.6308 14. 
Eri -2217 1.6690 - 282227 - 149933 -07963 x = x mes — o- 16.¢ 
# - 2349 1.7181 -299072 | .163555 08046 } econ Pe ile. 4.2539 | 8.7737 18.) 
Ts +2485 1.7671 316406 | 177070 . LO0TL = pee “6759 4.5156 | 9.5957 20., 
ce 2625 1.8162 334229 | .193226 .I1169 } > onnane 4-7852 10.4675 22.4 
B -2769 1.8653 +352550 «200320 -I24191 rs 3.9701 shi pe 5.0625 IIT. 3906 25.¢ 
Ly - 2016 1.9144 371338 226284 . 137901 ; 4.2000 ¥ Gas 5.3477 12.3665 28.¢ 
A 3068 ToGas Haoobse rine asca x —e t.46T3 5.6406 13.3065 31.8 
Urs .3252 2.0126 . 410400 - 262013 - 168428 } paket 7.6576 5.9414 14.4822 35-3 
sa +3382 2.0617 -430664 | .282623 18546 * 4.900% 7.8540 | 6.25 15.625 39.2 
rt 3545 2.1108 451416 . 303205 20376 j 5.1572 8.0503 6.5664 16.8264 43. 
un canis oases ee Peas Sac 7 iAreD 8.2467 6.8006 18.0870 47.2 
& - 3883 2.2089 494385 | .347614 24438 3 apak 8.4430 7.2227 19.4109 52.2 
BR .4057 2.2580 Er660a 397307 26688 z — 8.6304 7.5625 20.7060 57.2 
cry +4236 2.3071 + 530307 306053 - 20084 { ae) 8.8357 7.9102 22.2473 62.€ 
rs +4418 2.3562 5625 421875 31641 it Pa ee ie 8.2656 23.7637 68.3 
.4602 2.4048 | .§86182| .448705 34357 6.777% | 9.2284 | 8.6289 | 25.3474 74.5 
u +4794 2.4544 | .610352 | .476837 13721 ; } veeeee. | 1@-4a4d “1 Sea 27.0 81.6 
$ -4087 2.5030 -635010 | .506023 .4032 7 7.6699 9.8175 9. 7656 30.5176 05.4 
it 5185 2.5525 | .660156] .536377 4356 ; 8.2058 | 10.210 | 10.5626 | 34.328: 112.0 
Fe £5387 2.6011 685791 seeeouy ore ; 8.0462 10.603 II.30r 38.443 130 
at - 5501 2.6507 .7I10T4 .600677 5069 i ae 10.006 12.25 42.875 150 
tt 5706 2.7017 -738525 | .634670 5456 : na TI. 388 13.141 47.635 173 
i 6013 2.7499 -765625 | .660022 .586r { — TI. 781 14.062 52.734 108 
& .6228 2.7060 + 793213 - 706455 .6202 S4/088 12.174 15.016 58.186 225 
3 6450 eee (dares See Aten 4 12.566 12.566 16.0 64.0 256 
u .6675 2.8065 | .849854 | .783459 7225 : im de oe 70.189 200 
te 6903 2.0452 878906 | .823075 7725 Fy rey 13.352 18.062 76.766 326 
ut 7131 2.9939 | .008447 | .865864 8248 H pees 13.744 | 19. 14x 83.740 366 
H Byiciy fh 3.0434 .938477 ‘900749 8708 : oe 14.137 20.25 Or. 125 410 
# . 7610 3.0013 968004 | .953854 9385 3 | ratice aga Spe 98.932 458 
Li +7854 31406 | 2.0 r.0 I.0000 Ba are a 22.562 107.172 509 
“ 9.635 15.708 25.0 125.0 625 
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TABLE 29.—AREAS AND CIRCUMFERENCES OF CIRCLES—BINARY DIvISIONS 
__ See : : - For more Minute Divisions of Small Circles see Table 22 
Diam.| Cir. | Area || Diam.| Cir. | Area ||Diam.| Cir. Area || Diam.| Cir. Area Diam, | Cir. Area || Diam.| Cir. || Area 
de 1963] .00307 ||. 9 ins. | 28.274] 63.617 || 18 ins.| 56.549|254.460 || 27 ins.| 84.823/572.556|| 36 ins.|113.007| 1017.87 || 45. ins.|r4r.372|1500. 43 
> =F -3927| 0123 t 28,6607) 65.397 4 56.941|258.016 t 85.216|577.870 t II3.490|1024.95 t 141. 764|1599.28 
ore * -7854| .0401 t 29.060] 67.201 t 57.334| 261.587 + 85.608|583.208 4 I13.883|1032.096 4 |r42.157|1608.15 
3 I.1781| .1104 3 29.452| 60.029 3 57.727|205.182 3 86.001|588.571 3 II4.275|1039.19 %, |142.550|/1617.04 
. i 1.5708) .1963 $ 29.845] 70.882 db be 58.1109|268.803 3 86.304|503.958 3 I14.668/1046.35 Pa 142.942|1625.07 
zt I.9635| .3068 $ 30.238] 72.760 § 58.512|272.447 § 86.786|590.370 § II5.061|1053.52 § 143.335|1634.92 
Sea |) 2.3562) .4478 z 30.631] 74.662 FY 58.005|276.117 3 87.179|604.807 2 |x15.453/1060.73 2 |143.728]1643-80 
3 } -| 2.7489) .6013 ; 31.023) 76.580 $ 59.208|279.811 q 87.572/610. 268 E II5.846]1067.95 4 I44.121|/1652.88 
mes? 
-tim. | 3.1416} .7854|| 1oins.| 31.416] 78.540]|| 19 ins.| 59.690/283.520 || 28 ins.| 87.965|/615.753 || 37 ins.|116.239]1075.21 || 46 ins.|144.513|1661.90 
os 4 3.5343} .9940 $ 31.800] 80.516 $ 60.083|287.272 4 88.357/621.263 $ 116.631/1082.48 t I44.906|1670.95 
9 3.9270) 1.2272 4 32.201| 82.516 t 60.476|201.030 + 88.750|626.708 t 117.024|1089.79 t I45.299|1680.01 
z 4.3197| 1.4849 $ 32.504] 84.541 2 60.868] 204.831 2 80. 143|632.357 3 117.417|1007.11 2 145.691|1689.10 
if > 4:7124| 1.7671 } 32.987| 86.500 4 61.261|208.648 4 89.535/637.941 4 I17.810/ 5104.46 4 146.084 1698.23 
£ 5.1051] 2.0739 $ 33.379] 88.664 g 61.664|302.4890 § 89.928/643.554 § I18.202/111r.84 § 146.477|1707.37 
‘ ? 5.49078] °2. 4053 a 33.772] 90.763 2 62.046|306.355 2 90.321|649. 182 z I118.596|/I119.24 4 146.869|1716.54 
} 5.8905] 2.7611 4 34.165| 92.886 $ 62.430/310.245 4 90.713/654.839 t 118.988|1126.66 iy 147.262|1725.73 
\ ins. | 6.2832] 3.1416 || rr ins.| 34.558] 95.033 || 20 ins.| 62.832|/314.160]| 20 ins.) 94.106|660.521 || 38 ins./119:381|1134.11 || 47 ins.|147.655|1734.94 
Bt 6.6750) 3.5466 3 34.950] 97.205 t 63. 225|318.000 t 91 .499|666. 237 $ | 1I9.773|I141.59 $ 148.048/1744.18 
~t | 7.0686) 3.9761 3 35.343] 99.402 + 63.617|322.063 t 91.802|671.958 t 120, 166/1149.08 r' 148.440/1753.45 
i 7.4613} 4.4302 3 35.736|101.623 3 64.010/326.051 3 92.284|677.714 3 I120.559|/1156.61 2 148 .833}1762.73 
4 7.8540| 4.9087 $ 36.128) 103.869 ; 64. 403|330.064 3 92.677|683.404 $ I20.951|/1164.15 5 I49.226|/1772.05 
[yy 8.2467| 5.4119 3 36.521|106.139 3 64.705|334.101 § 93.070/680. 208 5 I2I.344|/1171.73 § 149.618/1781.39 
3. 8.6304] 5.9306 3 36.914|108.434 3 65.188/338.163 4 93.462/6905.128 3 I21.737|1179.32 a I50.011|T700.76 
t 9.0321) 6.4018 $ 37.306/110.753 $ 65.581/342.250 t 93.855/700.981 5 122.129/1186.04 é 150.404/1800.14 
ins. 9.4248] 7.0686 || 12 ins.| 37.699|113.007 || 21 ins.| 65.973/346.36r || 30 ins.| 94.248]/706.860 || 39 ins.|122,522/1104.59 || 48 ins.|150.796/1800.56 
3 9.8175| 7.66909 $ 38.002) 115.466 t 66.366|350.407 % ~| 94.640)712.762 4 I122.915|1202.26 + I51.189/1818.99 
4 I0.210 | 8.20958 3 38.485|117.850 i 66.750|354.657 2 95.033|/718.690 4 I23.308)12090.95 3 I51.582/1828.46 
. } 10.603 | 8.9462 | 2 38.877|120.276 3 67.152/358.841 3 95.426/724.641 3 I23.700|1217.67 3 I51.975|1837.93 
4 10.996 | 9.6211 4 39.270\/122.718 3 67.544|363.051 4 95.819/730.618 5 I24.093/1225.42 3 152.367|1847.45 
+ Parr. 388 10.321 § 39.663/125.184 § 67.937|307.284 § 96.211|736.619 53 124. 486|1233.18 $ 152.760|1856.99 
‘* 2 II.782 |I1.045 i 40.055/127.676 A 68 .330|371.543 - 96.604) 742.644 i 124.878]1240.98 | rs 153-153|1866.55 
‘ <Q _ |t2.174 |1r.793 t 40.448/130. 192 t 68 .722/375.826 t 96.997|748 .694 t 125.271|1248.79 t 153-545|1876.13 
: ‘as. 12.566 |12.566 13 ins.| 40.841/132.732 || 22 ins.| 69.115/380.133 || 31 ins.| 97.380/754.769 || 40 ins.|125.664/1256.64 || 49. ins./153.938)1885.74 
= 12.959 |13.364 $ 41.233/135.207 $ 69. 508|384.465 $ 97.782) 760. 868 = 126.056/1264.50 t 154.331/1805.37 
7° 13.352 |14.186 4 41.626|137.886 3 69 .900/388.822 4 98.175|766.992 + I126.449|1272.39 4 I54.723|1905.03 
* 13.744 |15.033 3 42.019\/140.500 q 70.293/393.203 3 98.567|/773.140 q 126.842/1280.31 q I55.116)1914.70 
® 14.137 |15.904 $ 42.412/143.139 4 70.686] 307 .608 § 98.960/779.313 | $ I27.235/1288.25 3 I55.500/1024.42 
4 }14.530 |16.800 3 42.804/145.802 $ 71.079|402.038 $ 99.353|785.510 $  |127.627/1296.21 $ |155.902|1034.15 
f. |14.923 {27.721 t 43-197|148. 489 z 71.471}406.403 t 99.746|791.732 %  |128.020|1304.20 Z — |156.204/1043.91 
115.315 |18.665 t 43.590/I51.201 $ 71.864/410.972 t 100.138]797.978 t 128.413/I1312.21 t 156.687/1953.69 
jas. |t5.708 |19.635 || 14 ins.| 43.982/153.938|| 23 ins.| 72.257|415.476 || 32 ins.|100.531/804.249 || 41 ins.|128.805/1320.25 || so ins.'157.080|1963. 50 
be 16.101 |20.629 i 44.375|156.60990 4 72.6491420.004 $ 100.924/810.545 t 129 .198|1328 .32 3 157.865/1083.18 
+ 116.403 |21.648 3 44.768|/159.485 ry 73.042|424.557 t | 1OL.316/816.865 t 129. 591|1336.40 1 158.650|2002.96 
\ 116.886 |22.601 2 45.160|162.295 2 73 +435|429.135 #  |L0r.709|823-209 $ = |129.983/1344.51 2 1150. 436|2022.84 
~ |17.279 |23.758 3 45.553/165.130 2 73.827|433.731 %  |102.102/829.578 Z | 130.376)1352.65 
© |17.671 |24.850 3 45.946) 167.989 3 74.220|438 . 363 § |102.494)835.972 $ | |130.769/1360.81 || sr ins,| 160. 221/2042.82 
= {18.064 |25.967 z 46. 338|170.873 rs 74.613|443.014 3 102.887/842.300 i 131. 161|136%.00 1 I61.007}2062.90 
$ |18.457 |27.100 % | 46.731|173.782 t 75.006] 447 .699 t 103. 280/848 .833 t 131.554|1377.21 } 161.792|2083.07 
€ ‘ F : $ = |162.577/2103.35 
4s. [18.850 }28.274 || 15 ins.| 47.124/176.715 || 24 ins. 75.398]452.390 || 33 ins.)103.673/855.30 || 42 ins./131.947/1385.44 
© |19.242 |290.465 3 A7.517|179.672 + 75.791|457.115 %  |104.065/861.79 $  |132.340/1393-70|| .. ing. |163.363|2123.72 
= |19.635 130.680 PY 47.909|182.654 4 76.184|461. 864 t 104. 458/868 .30 2 132.732|1401.98 4 |164.1482144. 10 
= |20.028 |31.919 2 48 .302/185.661 3 76.576|466.638 $ 104.851|874.85 $ 133.125|/1410.29 } 164,058 9264 <95 
, |20.420 133.183 3 48.694) 188.6092 3 76.969|471.436 3 ~ | 105. 243/881r.41 } |133.518)1418.62 3 |165.719|2185.42 
& |20.813 |34.472 £ 49.087| 101.748 £ 77 .362|476.259 § 105 .636|888.00 § 133.910|/1426.08 
© lor.2os 135.784 Fy 49.480|194.828|| 77.754|481.106 || ~  |106.020/804.62 2 |[134.303/1435-36 |! ©. ins |166. 504|2206. 18 
4 [22-598 |37.122 i 49.873|197.933 || 78.147/485.978 || 4%  |106.421/90T.26 $  |134.696/1443.77 || 4 | 167, 200|2227.05 
t 
ths. |21.901 138.485 || 16 ins.| 50.265|/201.062 || 25 ins.| 78.540/490.875 || 34 ins.|106.814/907.92 || 43 ins./135.088)/1452.20 : eee ae 
# |22.384 |30.871 + 50.658/ 204.216 t 78 .933|495.796 : hie 914.61 : 135 sb ee : : 
Yu 22.776 |41.282 51.051|207.394 4 979.325|500. 741 107 .600/921.32 135.874/1460.13 ; 
es nk : 51.444|210.597 4 79.718|505.711 %  |107.092|928.06 # = |136.267|1477.63 es pete ate gs 
an Prac oe } 51.836|213.825 ; 80. 111/510. 706 3 108. 385/934. 82 $ 136.659| 1486.17 ; rete sete 
, 23.055 |45.664 5 52.220|217.077 £ 80.503/515.725 § 108.778|941.61 § 137.052|1494.72 : eee Pa 
4 {24.347 |47.173 3 52.622/220.353 3 80. 806|520. 769 2 |109.170/948.42 @ |137-445/1503.30 : ; : 
i 124.740 |48.707 4 53.014|223.654 t 81.289/525.837 } =| 109. 563/955.25 $  |137.837|/1511.90 55 ins.|272.788/2375.83 
tns. |25.133 |50.265 |] 17 ins.| 53.407/226.980 || 26 ins.| 81.681/530.930 || 35 ins./109.956|062.11 || 44 ins.|138.230|1520.53 rs 173-573|2397-48 
; 25.525 |51.849 Ft 53.780|230.330 a 82.074|536.047 t 110.348|960 .00 + 138.623/1529.18 > 174.358|2419.22 
: |25.0918 |53.456 4 | 54.102/233.705|| 4 | 82.467/541.189|| % |110.741/975.91 t /139,015|1537.86 || % [175.144)2441.07 
; 26.311 |55.088 FY 54.585|237.104 3 82.860|546.356 # =| 11r.134/982.84 $ =| 130.408/1546.55 : % 
+ |26.704 156.745 a 54.978|240.528 + 83.252/551.547 3 |1rr.527/989.80 4 |139.801/1555.28]|| 56 ins. ase ee 
& |27-096 |58.426 § 55-371|243-977 5 83.645|556.762|| % |III.919/090.78 t 140. 194|1564.03 || %  |176.715)2485.05 
4 [27.489 |60.132 $ 55.763|247.450 i 84.038|562.002 { | 112.312/1003.78 tea 586)1572.81 3 THT S0CTaoOd 19 
% 27.882 161.862 z 56.1561250.947 1 84.430|567.267 t II2.705'1010. 82 t T40.979|1581.61 ‘ 178. 28512520.42 
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TABLE 29.—AREAS AND CIRCUMFERENCES OF CIRCLES—BINARY TABLE 30.—AREAS OF CIRCLES OF WIRE GAGE DIAMETERS 


Divisions —(Continued) site Birmingham| , a4 British | 1, :teq | Stubb’s | American 
Diam.| Cir. | Area |] Diam.| Cir. | Area || Diam.| Cir. | Area = S| or Stubb's oe Imperial or; cf 4., | steel | Steel & 
Se ee EE aN EG : 2 g' A 3 oe E 
57 ins.|179.071|2551.76|| 69 ins.|216.770|3739.28 || 82 ins.|257.611/5281.02 SEO VAL rll a Li 
4 |179.856|2574.19 || % |217.555/3766.43|| 4% |259.181|/5345.62 0000 - 162 -167 1ae eS es eae sigs. 
4 |180.642|2506.72 % = |218.341/3793.67 : 000 142 132 [5085 “) IE ee eee 104 
3 qaneraaiaerolss a |219.126|3821.02 || 83 ins.|260.752 5410.62 00 .113 .104 .095 -093» Wes aetna | .086 
ee 4 = |262.323]5476.00 0 09 .083 .082 OFF 0 hee Mae | .074 
58 ins.|182.212/2642.08 || 7° 1NS.)219.911/3040.4 , .0 .066 .0 : 
t 182.908 Fen 2 |220.697/3875.99 || 84 ins./263.894/5541.78 3 ce i sss a ~ 
i} Sad lacarake 3 |221.482|3003.63 4 265 .465|5607.95 2 .064 -053 -060 .056 .038 -054 
; 184.560|2710.85 45) |222).208) 2031-36 85 ins./267.035|5674.51 “ on ae sete ik pen ae 
: -045 .033 -042 -043 +034 .040 
: : 3 268 .606/5741.47 4 > 
59 ins.|185.354/2733.97 ee ole ona S -038 .026 -035 .038 -033 -034 
t 186.139/2757.19 i ae ve 4 i 4 86 ins.]270.177|5808.81 6 +032 -020 +029 -032 -031 | 029 
4 |186.925|2780.51|| 2 sii aha $  |271.748|5876.55 ) 
2%  |187.710/2803.92 ¢  |225.409|4043. 28 7 .025 .016 .024 027 -03r | .024 
: : 8 .021 .O1 -02 ‘ 
72 ins.|226.195|4071.53 || 87 i05.|273.319|5944.66 x a8 ae aa es pitas | eRe 
60 ins.|188.496|2827.44 4 |226.980|4099.85 4 |274.889|6013.21 . : : goa pe — 
A Peetee ibeiies ; Pee 10 O14 .008 O13 .016 .028 Or4 
; perce ee 3 |228.551/4156.77 et 276.460|6082.13 a ee -0063 sae EES cies GES 
3 190. 852/2808.5 278.031/6151.44 12 . 
. -009 -0055 - 00) : z ; 
ly : 73 Ins.|229.336)4185.39 13 .0071 0039 pe ee ps a 
ins./I91.637|20922.47 2 230.122/4214.11 || 89 ins.|279.602|6221.1 j : = gaa ee - 
“ea aaa 5 14 .0055 .0031 0047 0047 02 
+-423/2940.47 } 230.907/4242.02 3 281.173/6291.25 15 00 : yee ore —_— 
} soe eeuldorobs7 i bees. liar thas .0039 .0024 -0039 .0039 -025 003 
A pothiglico wen ede? ryt Fore mh 16 .0031 -0024 .003I -0031 -024 0031 
ins. ; : : ; 
Gitta toa tiroteocsed ek n ie es iose ie 3 284.314/6432.62 17 .0024 .0016 -0024 .0024 -024 .0024 
i 195. 564|3043.47 H 5 3 ¢ 2 18 -0016 -0016 -0016 -0024 -022 -0016 
} roots to seer 6 : ees mee 10 // or ins.|285.885/6503.89 19 .0016 -0008 .0016 .0016 -O21 .0016 
3 noel soos 56 4 + 934/ 4388.47 3 287.456|6575.56 20 .0008 .0008 .0008 .0008 -020 0008 
ae taal gacsetela4i7 8 ] 21 0008 -0006 -0008 .0008 020 
63 ins.|197.920|3117.25 4 |236.405 ee 4 92 ins./289.027/6647.62 “? 
b | 798.706/3t42.04 1] 4- |23%,29014476.07 4 |290.597|6720.07 22 0006 -0005 0006 .0008 | .019 | .0006 
ri 190:491|3166.92 H Baroi6las06! er 23 -0005 +0004 -0005 -0006 -or8 ) - 0005 
FY 200.277|3191.91 93 ins.]292.168|6792.92 24 -0004 -0003 -0004 -0005 -or8 -0004 
rae 76 ins.|238.761/4536.47 4 |203.739|6866.16 25 -0003 .0002 .0003 -0004 | .017 -0003 
eae Boe 3216.90 } 230.546|4566. 36 26 .0002 .0002 -0002 . 0003 -o16 0002 
: eS SE 
: Hs ed 3242.17 3 240.332/4596.35 || 94 ins.l295.310 6939.79 
i ae rae Fy 241.117|4626.44 $ 296.881|7013.81 
| -418| 3292.83 
Ce er re REE 77 1NS.|241.903/4656.63 || 95 ins.|208.451|7088.23 
} nae 3 ee 4 248.688) 4686.92 4 300.022/7163.04 
; ee. oe i 4 |243.473|4717.30 
H Bie eh eee % |244.259/4747.79|| 96  |301.503|7238.25 
Ae 97 = |1304.734|7380.83 
66 ins.|/207.345|3421.20 mea See ce elie 3? ay 307 .876)7542.98 
: 3 245 .830/4809.05 
i 208.131/3447:16 99 311.018| 7607.70 
} 246 .615/4839. 83 100 
4 208 .916/3473.23 3 2 8 314.159|7854.00 
WE doo8soxl3 406.30 47.400)4570.70)|| ror ‘1317. 301/801. 86 
at 79 ins.|248.186|4901.68 aA 320.442/8171.28 
7 ins.]210.487|3525.66 4 |248.07114932.75 || 1°3 —_ |323-584/8332.29 
: 211.272 ESs7.0r } 249.757|4963.92 
212.058/3578.47 2 |250.542|4905.10 || 194 326.725|8404. 87 
2 212.843/3605.03 105 |329.867|8659.01 
80 ins./251.327/5026.56 || 196  |333.009/8824.73 
68 i : 
om as ‘Sa pes 3 |252.898/5089.58|| 197 |336.150/8092.02 
; eae 4 Wh 9 +44 t/ 108 339.202/9160.88 
; a 5 3 a es goers? 5153.00|| 109 |342.433/0331.32 
-984'3712.24 250.040/5216.82 || 110 345.575|9503.32 


For larger integral circles see Table 20. 


Accelerated motion, graphical expression of, 
466 
_ laws of, 466 
Adapter for T slots, 277 
Addition of binary fractions, 321 
Air, atmospheric, value of one atmosphere of 
pressure, 440 
pressure of, at various altitudes, table 
of, 449 
weight and volume of, 449 
Air chambers, arrangement of, 247 
charging devices for, 246 
for long suction pipe lines, 247 
Air, compressed, compressor, 449 
at high altitudes, formulas for, 451 
table of, 451 
bearings for, pressure on, 8 
compound, constants for, table of, 
450 
good and bad practice, 450 
power calculations, chart for, 453 
_ formulas for, 450 
compression curve, index of, formula 
for, 452 
table of, 454 
chart for, 455 
plotting, 454 
consumption of by air-lift pumps, 
formula for, 461 
by pneumatic tools, table of, 460 


by direct lift hoists, table of, 
460 

by direct acting pumps, formula for, 
460 

discharge of through orifices, table of, 
461 


efficiencies defined, 449 
friction of, in pipes, formula for, 
453 
chart for, 456 
heavy pressures, packings for, 459 
high pressure, joints and fittings for, 
266 
intercoolors for, area of surface of, 
chart for, 457 
construction of, 457 
formula for, 457 
isothermal curve, formula for, 456 
light pressures, pistons of, construc- 
tion of, 458 
single stage ,constants for, table of, 
450 
power calculations, chart for, 452 
formulas for, 449 
valves for, 459 
hoists, direct lift, consumption of com- 
pressed air by, table of, 460 
-lift pump, construction of, 461 
consumption of compressed air by, 
formula for, 461 


INDEX 


Air-lift pump, economy tests of, charts of, 462 
Allowances and Tolerances, for fits (see Fits). 
for bearings (see Bearings). 
Alloys, 390 
aluminum, S.A.E. specifications for, 392 
design of parts of, 393 
precautions in pouring, 393 
brass castings, S.A.E. specifications for, 
391, 392 
brass rods, S.A.E. specifications for, 391 
bronze, commercial, S.A.E. specifica- 
tions for, 391 
phosphor, S.A.E. specifications for, 391 
tobin, S.A.E. specifications for, 392 
manganese, S.A.E. specifications for, 
302 
casting, U. S. navy specifications for, 
table of, 394 
copper-tin-zinc, strength of, chart of, 


390 

for bearings, 19, 20, 21 

for tubing, S.A.E. specifications for, 
392 


fusible, table of, 394 
German silver, S.A.E. specifications for, 
391 
sheet brass, S.A.E. specifications for, 390 
Aluminum alloys, bars, weight of, table of, 
400 
design of parts of, 393 
precautions in pouring, 393 
S.A.E. specifications for, 392 
Angles and corresponding tapers, table of, 273 
of cams, limiting, 188 
of dovetails, acute, measurement of, 
table of, 276 
obtuse, measurement of, table of, 277 
for gashing worm wheels, 137 
of worm threads, helix, influence of on 
efficiency, 131 
Antilogarithms, table of, 503 
Arcs, circular, lengths of, tables of, 524, 526 
length of, graphical method of finding, 
317 
of large radius, compass for, 317 
radius of, from span and rise, 317 
of contact of belts on pulleys, 56 
Areas of circles, binary divisions, table of, 
549 
and squares of equal area, table of, 533 
decimal divisions, table of, 544 
of wire gage diameters, table of, 550 
small fractional, table of, 548 
whole number, table of, 537 
of circular segments, table of 532 
of diaphragms, balancing, effective, 315 
of irregular figures, finding, graphical 
methods, 469 
of poppet valves, effective pressure, 316 
of ports and pipes for steam engines, 435 
551 


Areas of segments of boiler heads, net, table 
of, 412 
of steel round and square bars, table of, 
398 
of surfaces of spheres, table of, 536 
Arms, rock, design of, 5 
dimensions, table of, 288 
equal division of arc of vibration, 314 
Atmosphere, pressure of, in various units, 230 
Automobile engines (see Engine gas). 


Babbitt metal, composition of, 19, 20 
pouring, 23 
procedure in making, 19, 20 
proper grades of materials, 21 
Back gears (see Gears, back). 
Balancing, 300 
area of diaphragms, effective, 315 
by drilling, weight of metal removed, 
table of, 302 
center of gravity of counterweights, 466 
cones, 300 
fixture, sensitive, 300 
machine, the Akimoff, 305 
General Electric Co.’s, 302 
the Norton, 305 
the Riddell, 302 
the Westinghouse, 300 
of long drums, 303 
problem, the, 303 
reciprocating parts, 305 
running, technique of, 305 
standing and running, distinction be- 
tween, 303 
Ball bearings (see Bearings, ball). 
expansion drive stud, the, 315 
Balls, surface and volume of, table of, 536 
weight of, table of, 396 
Barometric pressure at various altitudes, 
table of, 449 
Beams, 472 
bending moments and deflections of, 
formulas for, 473 
deflection, coefficients of, table of, 475 
Hodgkinson critized, 479 
of uniform strength, chart for, 479 
approximate outlines of, 481 
properties of I, table of, 477 
reinforced section factors of, table of, 475 
chart for, 476 
safe loads of rolled I, table of, 474 
strength of, formulas for, 472 
without lateral support, constants for 
loading, table of, 474 
wood, safe loads of, table of, 478 
Bearings, ball, 30 
effect of wear, rust and corrosion on, 30 
friction of shafting fitted with, 50 
fundamental dimensions, 30 
load capacity, 35 


Bearings, ball, lubrication essential, 30 


radial, dimensions and loads of, table of, 
36 
typical mountings of, 31 
retaining oil and excluding grit from, 33 
suitable lubricants for, 30 
thrust, dimensions and loads of, table of, 


37 
typical mountings of, 34 


Bearings, knife edge, 29 
Bearings, plain or sliding, 8 


action of high and low speed, 13 
allowances and tolerances for (see Fits, 
running). 
ball-and-socket, 25 
bore finishes, 22 
breaking down point of oil film, 14 
chart for, 14 
cast iron for, 18 
center of pressure, 4 
conditions of film lubrication, 13 
design of, for film lubrication, 15 
evaluation of friction loss and heat 
radiation, 16 
dimensions of, chart for, 15 
table of, 24 
dissipation of heat, 12 
~ effect of film lubrication on wear, 14 
end play in, 26 ; 
friction of shafting fitted with, 49 
General Electric Co.’s practice, 12, 25 
limiting speed and temperature, 17 
main for steam engines, Reynold’s 
rules for, 429 
-chart of, 430° 
materials for, 18, 19, 20, 21 
oil grooves for, 12, 23 
oil retaining grooves for, 26 
pressures on, tables of, 8 
product of pressure and velocity, rr 
pouring of babbitt, 23 
proper point for introduction of oil, 13 
ratios of length to diameter, 14 
relation, of speed and pressure, 12 
of speed, pressure and temperature, 
I2 
ring oiled, 24 
temperature rise in, 12, 13, 18 
charts for, 12, 13 
temperatures of, final, chart for, 17 
Tower’s experiments, 13 
water jacketed, 25 
Westinghouse practice, 21 


Bearings, roller, 39 


conical, 42 
Hyatt, dimensions and loads, table 
of, 40 
friction of shafting, fitted with, 50 
Norma, dimensions and loads, table 
of, 40 
thrust, for heavy loads, 42 


Bearings, thrust, pressure on, 8, 11, 27 


ball, dimensions and loads on, table 
of, 37 
typical mountings of, 34 
double-cone spindle, 29 
film lubrication in, 28 


INDEX 


Bearings, thrust, Kingsbury, 28 
multiple disk, 27 
product of pressure and velocity, 11 
Schiele curve for, 29 
vulcanized fiber, 27 
Belts, 54 
and rope drives, cost compared, 150 
arc of contact of, table of, 56 
factors for, 54, 55, 344 
Bird’s rules for, 54 
comparative power of leather, steel and 
ropes, 60 
comparative power on pulleys of differ- 
ent materials, 56 
constants for driving power of, 54 
idler pulleys, correct use of, 56 
laying out mule pulleys for, 58 
length of, formulas for, 60 
limiting widths for single and double, 54 
main for steam engines, formula for, 429 
examples from practice, 55 
extreme example from practice, 55 
power of, Sellers’s practice, chart of, 55 
Barth’s practice, chart of, 55 
quarter twist, guide pulleys substituted 
for, 56 
laying out holes through floors for, 56 
lay out of, 56 
shippers for, improved, 61 
steel, 60 
substitutes for quarter twist, 56 
surplus of pulley face over width of, 
chart for, 62 
tandem or riding, 59 
Bevel gears (see Gears, bevel). 
Bevel friction gears (see Gears, friction). 
Blanks, shell, diameters of, 320 
Blocks, hoisting, efficiency of, 152 
Blowers, centrifugal, motors for, sizes of, 
tables of, 350, 351 
calculating power to drive, 350 
Blue-print solution, 322 
Boilers, steam, 405 
braced and stayed surfaces of, pressure 


on, 411 

braces or stays, loads on, table of, 412, 
413 

chimneys for, horse-power of, table of, 
421 


coal for, American, analysis and heating 
value of, table of, 420 
furnaces and flues, circular, 414 
Adamson, 415 
hanging or supporting, 420 
heads, segments of, net areas of, table of, 
412 
horse-power of, 405 
and heating surface, 405 
joints, butt and strap, double-riveted, 
strength of, 408 
quadruple riveted, strength of, 409 
quintuple riveted, strength of, 4009 
saw-tooth type, 410 
triple riveted, strength of, 409 
efficiency of, 407, 408 
lap, double-riveted, strength of, 408 
single riveted, strength of, 408 


Boilers, joints, percentage of plate strength 
in, chart for, 418 
of rivet strength in, chart for, 418 
ligaments of, strength of, 410 
loss of coal due to scale, chart of, 419 
manholes and frames of, riveting, 415 
plates for, thickness of, 405 i 
rivets for, strength of, compared with 
solid plate, chart of, 418 
strength of, 405 
specifications for, 405, 406 
safety valves for, 416 
pop, capacity of, table of, 416 
U. S. steamboat inspection, formula 
for, 419 
Power formula for, 420 
Philadelphia formula for, 420 
saving due to heating feedwater, chart 
of, 419 
standard test piece for materials of, 406 
stays or braces, loads on, tables of, 412, 
413 
crown bar or girder, 414 
gusset, 413 
stay tubes, 414 
stay bolts, pitch of, table of, 411 
specifications for, 406, 407 
steel plates for, specifications for, 405 
strength of, A. S. M. E. rules for, 405 
tube sheets, pressure on, 414 
tubes for, thickness of, 405 
properties of, table of, 421 
resistance of in tube sheets, 421 
specifications for, 407 
working pressure on, formulas for, 407 
Bolts (see also Screws), 210 
boiler stay, pitch of, table of, 411 
loads in, table of, 412 : 
eye, strength of, chart for, 490 
for cylinder covers, pitch of, 431 
and tank heads, chart for, 434 
foundation, washers for, dimensions of, 
283 
S.A.E. standard, strength of, table of, 
216 
S.A.E, standard, table of, 213 
tap drills for, table of, 213 
stress on, due to initial and applied 
loads, 210 
due to tightening nuts, 218 
steam-engine frame, strength of, 430 
taper, Baldwin Locomotive Works sys- 
tem of, 217 
under action of shock, 493 
U. S. standard, table of, 211, 212 
tap drills for, table of, arr 
V-thread standard, 210 
Whitworth standard, table of, 212 
Bolt cutters, motors for, sizes of, table of, 335 
headers, motors for, sizes of, table of, 335 
Boring mills, motors for, sizes of, table of, 335 
machines, cylinder, motors for, sizes of, 
table of, 335 
motors for, sizes of, table of, 337 
Braces, design of, 6 
Brakes, 175 
automatic load, 178 
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Brakes, axial, retarding moment of, formula 
for, 176 
band, retarding moment of, formula for, 
I75, 181 
chart for, 175 
tensions in, formula for, 176 
chart for, 177 f 
the differential, 175 
width of, 175 
block, retarding moment of, formula for, 
176 
coefficient of friction of, tables of, 175, 
18r 
drums, area of surface of, 176 
hoisting, superior construction of, 177 
multiple disc, 178 
Prony, 178 
area of surface of, 179 
design of, 179 
water cooled, 179 
rope, 179 
data for design of, 179 
forms of, 179 
Weston, 178 
Brass, bars, weight of, table of, 400 
casting, S.A.E. specifications for, 391, 
392 
rods, S.A.E. specifications for, 391 
sheet, S.A.E. specifications for, 390 
sheets, weight of, table of, 307 
strength of, table of, 472 
tubing, seamless, weight of, table of, 396 
U.S. navy specifications for, table of, 394 
wire, weight of, table of, 395 
Brinell hardness numerals, table of, 376 
and scleroscope hardness numerals, table 
of, 377 
British thermal units and kilogram calories, 
conversion table of, 403 
Bronze gears (see Gears, spur). 
manganese, S.A.E. specifications for, 392 
phosphor, S.A.E. specifications for, 391 
S.A.E. specifications for, 391 
strength of, table of, 472 
tobin, S.A.E. specifications for, 392 
U. S. navy specifications for, table of, 394 
Bulldozers, motors for, sizes of, table of, 335 
Bushel, U. S. and British compared, 495 
Bushings for jigs and fixtures, table of, 285 


Cams, 188 

chart for laying out, 193 
with separate base lines, 194 

conjugate or double, 194 

diameter, determination of, 188 

drum, conical rollers for, 192 
laying out, 188, 192 
objectionable arrangement of, 194 

equalizing spring pressure on, 196 

face, laying out, 188 

formers for, making, 191 

gravity curve for, 193 

high-speed, 193 

inertia of roller, effect of, 194 

levers, correct arrangement of, 195 
of unequal length, 193 

limiting angle of, 188 
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Cams, motion, nature of, 188 
of high accuracy, laying out, 194 
of the linotype, 188 
of the monotype, 194 
parabolic base curve for, 193 
precision drawing board for laying out,195 
rollers for, dimensions of, table of, 288 
self-locking for jigs and fixtures, 278 
solution for blackening templets when 
laying out, rox 
springs, use of, for return motion, 188 
studs for rolls, dimensions of, table of, 287 
templets for, making, ror 
two step, 189 
types of, 188 
Cast iron, 361 
bearings, 18 
castings, light, medium and heavy, 361 
composition and properties of, 361 
composition of, for various purposes, 
_ table of, 362 
influence of constituents on, 361 
malleable, properties of, table of, 365 
stress strain diagrams of, 366 
strength of, table of, 472 
U. S. navy specifications of, 367 
Castings, shrinkage of, table of, 472 
Center of gravity of plain figures, 466 
of counterweights, 466 
of irregular figures, finding, graphical 
method, 466 
Centigrade thermometer scale, defects of, 401 
to Fahrenheit thermometer scales, con- 
version formulas between, 401 
conversion table between, 401 
Centrifugal force, chart of, 465 
formula for, 466 
stress due to, chart of, 67 
Chains, 164 
attachment of, to hoisting drums, 165 
crane and cable, strength of, 164 
types, uses and limiting speeds, table 
of, 165 
Ewart, 166 
direction in whick to run 168 
laying out sprockets for, 167 
speeds and working loads on, table of, 
166 
high-speed silent, 171 
hoisting, working loads on, table of, 164, 
174 
leading types illustrated, 164. 
link belt, 173 
data for design of, table of, 174 
Morse, 171 
data for design of, table of, 173 
open and stud link, strength of, 164 
roller, 169 
cases for, 170 
crossed, 170 
data for design of, table of, 173 
length of, formulas for, 170 
sprockets for, formulas for, diameter 
of, 170 
for crane, laying out, 164 
idler for, 169 
material for, 170 
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Chains, roller, sprockets for, table of diam- 
eters of, 171 
tooth form, 170 
velocity and capacity, formulas for, 
169 
vertical drives, 170 
Charts, method of using without defacement, 
at end of preface 
use of in design, 6 
Chimneys for steam boilers, horse’ power of 
table of, 421 
Chords, length of for division of circles, table 
of, 534 
Circles, and squares of equal areas, table of, 
Roe 
binary divisions, areas and circumfer- 
ences of, table of, 549 
decimal divisions, areas and circumfer- 
ences of, table of, 544 
division of, table of, 531 
lengths of chords for division of, table of, 
534 
of wire gage diameters, area of, table of, 
550 
small fractional, areas and circumfer- 
ences of, table of, 548 
whole number, areas and circumferences 
of, table of, 537 
Circular arcs, length of, graphical method of 
finding, 317 
tables of, 524, 526 
of large radius, compass for, 317 
radius of, from span and rise, 317 
Circular segments, areas of, table of, 532 
Circumferences of circles, binary divisions 
table of, 549 
decimal divisions, table of, 544 
small fractional, table of, 548 
whole number, table of, 537 
Clearances, American railroad, chart of, 323 
between punches and dies, table of, 286 
Clippings and notes, filing, 321 
Clutches, claw, 187 
Clutches, friction, ball, 186 
cone, angle of, 185 
axial thrust of, formula for, 185 
chart for, 184 
construction of, 185 
Rockwood practice, formulas for, 
185 
contracting band, 186 
design constants for, 185 
dimensions of, chart for, 183 
expanding ring, dimensions of, table 
of, 182 
separating force, formula for, 185 
horse power of, formula for, 182, 185 
Lane, 186 
Weston multiple disk, 186 
dry plate, 186 
running in oil, 186 
Coal, American, analysis and heating value of, 
table of, 420 
loss of, in steam boilers due to scale, 
chart of, 419 
saving of, due to heating feed water of 
steam boilers, chart of, 419 


, 
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Cock, plug, Westinghouse construction of, 
280 
Columns, 482 
cast iron, strength of, tables of, 480, 481 
properties of sections of, formulas for, 
482 
steel, strength of, table of, 482 
wood, strength of, table of, 483, 485 
Compass for circular arcs of large radius, 317 
Compressed air (see Air, compressed). 
Compressors, air (see Air compressors). 
Cone pulleys (see Pulleys, cone). 
Constructions and materials for resisting 
shock, 491 
Copper, bars, weight of, table of, 400 
plugs, use of, for measuring hammer 
blows, 353 
sheets and strips, S.A.E. specifications 
for, 391 
sheets, weight of, table of, 347 
strength of, table of, 472 
wire, standard gage for, 229 
strength of, table of, 229 
weight of, table of, 395 
Cosecants and secants, natural, table of, 506 
Cosines and sines, natural, table of, 506 
Counterbores, dimensions of, table of, 289 
Countershafts, speed of, 81 
Counterweights, center of gravity of, 466 
Couplings, Baush universal, 309 
Hooke universal, 308 
shaft, clamp, table of, 279 
flanged, table of, 278 
flexible, table of, 279 
Cranks, reducing overhang of, 4 
ball, dimensions of, 280 
Cross-rails, design of, 2 
Cross sections, A.S.M.E. standard for draw- 


ings, 321 
Cube roots, factoring method of finding, 
523 


of binary fractions, table of, 533 

of whole numbers, table of, 537 
Cubes of binary fractions, table of, 548 

of whole numbers, table of, 537 
Cutters, milling, design of, 350 

rotary, cutting bevel gears with, 119 
Cutting tools (see Tools, cutting). 


Decimal, equivalents of binary fractions, 
table of, 535 
of other than binary fractions, table of, 
535 
of prime number fractions, table of, 
526 
of a foot, inches and fractions reduced 
to, table of, 524 
Design, mechanical principles of, 1 
Diagonals and sides of squares, table of, 533 
Diameters and speeds, chart of, 340 
table of, 525 
Diaphragms, effective balancing area of, 315 
Dies and punches, clearance between, table 
of, 286 
holders for, table of, 286 
punching, dimensions of, 284 
Differential mechanisms, 464 
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Dovetails, acute angle, measurement of, table Engine, 


of, 276 
obtuse angle, measurement of, table of, 
277 
slides and gibs, dimensions of, table of, 
276 : 
Drills and drilling, for balancing, weight of 
metal removed, table of, 302 
machine arms, radial, design of, 3 
machines, motors for, sizes of, tables of, 
335, 337 
multiple spindle, motors for, sizes of, 
table of, 337 
power constants for, 324 
power required for, formulas for, 327 
table of, 329, 331 
reamer for taper pins, table of, 275 
speed of, formulas for, 330 
table for, 331 
tap for machine screws, 214 
for pipe threads, 216 
for S.A.E. standard threads, table of, 


213 

for U. S. standard threads, table of, 
211 

torque and thrust of, charts of, 327, 328, 
330 


Drums, attachment of chains to, 165 
approved section of, 166 
brake area of, surface of, 176 
hoisting, superior construction of, 155 
Durability, effect of equal length, wearing 
surfaces on, I 


Eccentric rod, construction of, 274 
Elasticity as a factor in resisting shock, 491 
Ellipses, laying out approximate, 317 
Energy expended and loss of velocity, chart 
of, 79 
of hammer blows, measuring, 352 
of moving bodies, formulas for, 466 
of one pound at various velocities, chart 
of, 78 
Engine, automobile, pressure on bearings, 
TO; or 
Engine, gas, 444 
bearings for, dimensions of, tables of, 9 
fly-wheels for, formulas for, 444 
horse power, probable, table of, 444 
parts of, dimensions of, formulas for, 
444 
Engine, steam, 422 
bearings of, Reynold’s rules for, 429 
charts of, 430 
pressure on, table of, 8 
belts for, examples from practice, 55 
formula for, 429 
Bilgram diagram for link motion for, 
441 
for slide valves for, 439 
condensing water for, table of, 442 
crossheads, dimensions of, table of, 432 
cylinder cover bolts, pitch of, 431 
strength of, 433 
chart of, 434 
cylinder cover joints for, 433 
cylinder covers for, dimensions of, 430 


table of, 424 
expansion ratios, actual from theoreti- 
cal, table of, 427 
fly-wheels for, weight of, formula for, 
429 
frame bolts, strength of, 430 
horse power per lb. of m.e.p., table of, 
427 é 
isothermal expansion curve, laying out, 
427 
link motion for, Bilgram diagram for, 
441 
dimensions of parts of, 431 
main frames for, strength of, 429 
mean forward pressure in, factors 
connecting actual and theoretical, 
table of, 426 
chart of, 426 
table of, 426 
packing boxes for, construction of, 
435 
parts of, dimensions of, formulas for, 
427 
pipe lines, coverings for, 437 
cheap, 439 
drop of pressure in, chart of, 436 
formula for, 437 
inclination of, 439 
loss of heat in, covered and un- 
covered, charts for, 438 
piston rings, snap, action of, 431 
dimensions of, chart of, 431 
making patterns for, 431 
piston rod ends, dimensions of, tables 


of, 432 
piston valves for, construction of, 
433 
poppet valves for, construction of, 
441 
opening for given lift, formulas for, 
442 


ports and pipes for, area of, 435. 
power calculations of, 426 
reciprocating parts, weight of, for- 
mula for, 429 
slide valves for, Bilgram diagram for, 
439 
friction of, table of, 441 
steam consumption in, calculation of, 
422 
per horse power, table of, 424, 425 
table of, 424 
total weight of, formula for, 4290 
Epicyclic gears (see Gears, planetary). 
Equipment, special shop, permissible cost of, 
table of, 319 
Expansion of solids by heat, table of, 404 
Eye and yoke rod ends, dimensions of, tables 
of, 287, 288 
Eye bolts, strength of, chart for, 490 


Fabroil gears (see Gears, spur). 
Face plates, number of T slots in, 277 
Factors, prime, table of, 110 
of safety in machine construction, 472 
of m, sor 


steam, economy of various types of, 
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Fahrenheit to Centigrade, thermometer 
scales, conversion formulas be- 
_ tween, 401 
conversion table between, 402 
Falling bodies, laws of, 465 
relations of time, velocities and heights, 


tables of, 464 f 
Fans, centrifugal, motors for, sizes of, tables 
of, 350, 351 


calculating power to drive, 350 
Feed, speed and volume of cut, chart of, 341 
Filing notes and clippings, 321 
Film lubrication (see Bearings, plain or 
sliding). 
Fire streams, effective, table of, 240 
Fits, drive (see Fits, press). 
Fits, press, straight, 290 
allowances and hoop stresses, chart 
of, 293 
allowances and pressures, chart of, 
292 
Brown & Sharpe practice with, table 
of, 298 
C. W. Hunt Co.’s practice with, 
table of, 299 
General Electric Co.’s practice with, 
chart of, 203 
lubricant for, 290, 296, 297 
suitable pressures for, 200 
Fits, press, taper, 200 
advantage of, 207 
allowances and hoop stresses, chart 
of, 295 
allowances and pressures, chart of, 
294 
amount of taper, 296 
C. W. Hunt Co.’s practice with, 
table of, 299 
measuring, 296, 297 
Westinghouse practice with, 296 
Fits, running, allowances and tolerances, 
British standard, chart of, 291 
Brown & Sharpe practice with, 
table of, 298 
C. W. Hunt Co.’s practice 
table of, 299 
General Electric Co.’s practice with, 
table of, 298 
Fits, shrink, General Electric Co.’s practice 
with, chart of, 293 
Fittings, A.S.M.E. standard pipe, 258 
tables of, 261, 262 
hydraulic, high pressure, 244 
pipe for high pressure air, 266 
friction of, chart for, 240 
formula for, 437 
standard screwed pipe, table of, 265 
Flanges, pipe (see Pipe flanges). 
Flat plates, ribs for strengthening, 431 
strength of, formulas for, 484 
Floating lever, the, 309 
Floor plates, cast iron, construction of, 316 
Force and velocity relations in linkwork, 316 
Forced fits (see Fits, press). 
Forming tools, design of, 281 
Foundation bolts, washers for, dimensions of, 
283 


with, 
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Fly wheels, 67 
Allis Chalmers construction of, 70, 72 
arms and hubs of, weight and value of, 
75 
beam action in, 69 
Benjamin’s tests of bursting speeds of, 69 
bursting speed of, formulas for, 68 
table of, 70 
cast in one piece, 69 
centrifugal stress in, chart for, 67 
formula for, 67 
coefficients for calculating regulating 
power of, table of, 77 
coefficient of steadiness of, 75, 77 
dimensions of, formulas for, 69 
for gas engines, weight of, formula for, 
444 
for high speeds, 69 
for intermittent work, 75 
charts for calculating, 78 
for steam engines, weight of, formula for, 
4209 
Fritz construction of, 73 
Haight construction of, 73 
hollow arms for, 75, 105 
joints of high efficiency, 73 
limiting low velocity of, 75 
Mesta construction of, 69 
Newton construction of, 71 
Providence Steam Engine Co.’s construc- 
tion of, 76 
regulating power of, 75 
shrinkage allowance and shrink links for, 
74 
Stanwood construction of, 73 
safe speeds of, table, of, 71 
to carry belts, 73 
velocities of center of gyration, table of, 79 
Westinghouse construction of, 71 
with flanged joints, method of failure of, 
69 
with joints at points of contrary flexure, 
69 
Foot, decimals of, inches and fractions re- 
duced to, table of, 524 
Fourth powers of binary fractions, 548 
Fractions, binary, addition of, 321 
cubes of, table of, 548 
cube roots of, table of, 533 
decimal equivalents of, table of, 535 
fourth powers. of, table of, 548 
square roots of, table of, 533 
squares of, table of, 548 
other than binary, decimal equivalents 
of, table of, 536 
prime number, decimal equivalents of, 
table of, 526 
Frames, and supports, design of, 5 
for punching and shearing machines, 
strength of, 485 
for steam engines, strength of, 429 
Friction, clutches (see Clutches, friction). 
ratchet, 186 
coefficient of, table of, 175, 181 
of hydraulic cup leather packing, table 
of, 243 
of high pressure packing boxes, 243 
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Friction of steam engine slide valves, table of, 
441 
of shafts fitted with ball bearings, 56 
with plain bearings, 50 
with roller bearings, 50 
Functions, division of, 3 


Gages, 221 
sizes expressed in decimals, 222 
snap, design of, 4 
standard, decimal, table of, 224 
for copper and brass wire, 229 
for sheets and plates, 224 
for steel wire, 224 
for wire and sheet metal, table of nine, 
223 
wire and sheet metal, Westinghouse 
method of abandoning, 221 
Gallon, U. S. and British compared, 495 
Gas engine (see Engine, gas). 
natural, power calculations for com- 
pression of, formulas for, 449 
Gear box construction, 90 
cases, air vents for, 135 
cutting machines, motors for, sizes of, 
table of, 337 
Gears, back, 80 
correct ratio of, 81 
planetary, 89 
ratios for motor drives, go 
Gears, bevel, 113 
axial thrust of, table of, 123 
cut angle, two practices relating to, 
113 
cutting with rotary cutters, offset 
method of, 119 
parallel depth method of, 121 
dimensions and angles of, formulas 
for, 113 
table of, 114 
of miter, table of 117 
equivalent of spur teeth, chart of, 119 
spur face, chart of 118 
modified addendum of, 122 
needed shop dimensions of, 116 
selecting from shop lists, 116 
skew, first type of, 123 
second type of, 125 
strength of, charts for, 118, 119 
formulas for, 116 
tooth profiles, laying out, 116 
Gears epicyclic (see Gears, planetary). 
Gears, friction, 126 
coefficient of friction, tables of, 126 
128 
construction of bevel, 128 
contact pressure on, table of, 126, 128 
materials of, 126 
Rockwood practice with, 128 
transmitting capacity, chart of, 127 
formulas for, 128 
tables of, 128, 129 
variable speed disk drives, 129 
Gears, helical, 138 
choice of helix angle of, 142 
cutters for, chart of, 140 
durability and efficiency of, 138 
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Gears, helical, of any helix angle on shafts 
at any angle by caiculation, 144 
at right angles by calculation, 140 
by graphics, 144 
of 45 deg. helix angle on shafts at right 
angles by calculation, 138 
by graphics, 140 
table of, 139 
principles of, 140 
real diametrical pitches of, table of, 
145 
relation’ between worm gears and, 
1G} 
speed ratio of, 138, 141 
with helices of opposite bands, 146 
Gears, miter (see Gears, bevel). 
Gears, planetary, 147 
velocity ratios of various combina- 
tions, 147 
Gears, skew bevel (see Gears, bevel, skew). 
Gears, spiral (see Gears, helical). 
Gears, spur, 03 
Adamson system of, 93 
approximate outlines of, 95 
bronze, strength of, 103 
Brown «& Sharpe system of, 93 
chordal pitch, 107 
thickness, table of, 108 
diameters and circular pitches, table 
of, 112 
dimensions of, Brown & Sharpe for- 
mulas for, 94 
of parts, charts for, 106 
formulas for, 105, 107 
fabroil, strength of, 103 
Fellows system of, 03, 95 
generation of an involute, 93 
Grant’s odontograph, epicycloidal, 98 
involute, 95, 97 
herringbone, limiting speed of, 103 
power of, table of, 104 
strength of, 103 
hollow arms for, ro5 
_ Hunt system of, 63 
interference of involute teeth, 93 
involute systems, table of, 93 
limiting speed of, 103 
Logue system of, 93 
modified involute profiles, 93 
multipliers connecting diameter and 
pitch, table of, 96 
rawhide, strength of, 103 
Sellers system of, 93 
sets of cutters for, 108 
shrouded, strength of, 102 
stub tooth systems, 93 
strength of, chart for, ror 
Lewis formula for, 08 
Marx and Davis formula for, 100 
Mesta rules for, chart for, to2 
teeth of, full size, engravings for, 99 
gaging, 108 
that failed in service, table of, 102 
tooth parts by circular pitch, table of, 
06 
by diametral pitch, table of, 07 
width of face of, 107 
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Gears,worm, 130 
admissible temperatures of, 134 
angles for gashing, table of, 137 
Brown & Sharpe standard, formulas 
for, 130 

capacity of, chart for, 135 
formulas for, 134 

cases, air vents for, 135 

diametral pitch, change gears for cut- 
ting, table of, 131 

durability and efficiency of, 131 
chart of, 133 

helix angle in relation to durability 
and efficiency of, 131 

high efficiencies obtained by, 133 

Hindley, capacity of, 134 

interference of, 130 

lead and pitch of, 210 

pitch diameters of, table of, 131 

relation between helical gears and, 138 
of circular and normal pitches, table 

of, 132 
of pressure and velocity, chart of, 
134 

thread profile of, 130 

threads, Acme and Brown & Sharpe 
compared, 220 

tooth parts by circular pitch, tables of, 
96, 136 

wire system of measuring, table of con- 
stants for, 136 

wheels, milled, 135 
pitch diameters of, table of, 131 

Geneva stop, the, 313 

Geometrical progression of speeds (see Pulleys, 

cone). 

German silver, S.A.E. specifications for, 391 

Gibs, slides and dovetails, dimensions of, 

table of, 276 
Grinding limits, Brown & Sharpe practice 
with, table of, 208 
machines, motors for, sizes of, table of, 
SOF 

Gravity, center of, of counterweights, 466 
of irregular figures, finding, 466 
of plain figures, 466 

laws of falling bodies, 465 
velocity, time and height of fall, rela- 
tions of, tables of, 464 
Guide, the narrow, 2 
Gyration, center of, velocities of in fly-wheels, 
table of, 79 


Hammer blows, measuring energy of, 352 
steam, taper for piston rod ends, 273 
Tlandles for machine tools, dimensions of, 

280, 284 
Hand wheels, dimensions of, 280 
Hardening steel (see Steel). 
Hardness numerals, Brinell, table of, 376 
Brinell and scleroscope, table of, 377 
Heat, 4or 
British thermal units and k:logram cal- 
ories, conversion table of, 403 
expansion of solids by, table of, 404 
loss of, in steam pipe lines, charts for, 438 
melting points of substances, table of, 404 


thermometer scales, conversion — 
formulas between, 401 
conversion tables between, 401, 402 
transmission of through tubes, table of, 
404 = 
treatment of steel (see Steel). 
Heavy loads, moving, power required 
chart of, 352 
Heights of fall, velocities and time, relation of, 
- table of, 464 
Helical gears (see Gears, helical). 
springs (see Springs, helical). 
Herringbone gears (see Gears, spur). 
Hindley worms (see Gears, worm). 
Hoisting drums (see Drums, hoisting). 
hooks (see Hooks, hoisting). 
rope (see Ropes). 
Hoists, direct lift, consumption of compressed 
air by, table of, 460 
Hooke universal coupling, 308 
Hydraulics and hydraulic machinery, 230 
air chamber charging devices, 246 
chambers, arrangement of, 247 
constants, table of, 230 
grade line, 239 z 
packing boxes, high pressure, dimensions 
of, 243 
friction of, 243 
cup leather, friction of, 243 
table of, 242 
high pressure, forms of, 242 
leather ring, dimensions of, 242 
pipe joints for high pressure, table of, 268 
press cylinders, thickness of, chart for, 
241 
formula for, 240 
presses, ‘motors for, sizes of, tables of, 
336, 339 
press rams, thickness of, chart for, 241 
formula for, 241 
pumps, power and capacity of, chart of, 
249 
rams, delivery of, table of, 248 
siphons, arrangement of, 248 
discharge of, formula for, 250 
valves and fittings, high pressure, 244 
Hyperbolic logarithms, table of, 505 


Heat, 


fore 


Inches and fractions reduced to decimals of a 
foot, table of, 524 
Index rings, design of, 3 
India rubber, properties of, 480 
Indicator paper, metallic, 322 
Inertia, moment of, finding, 
methods, 467, 469 
formulas for, 473 
of rectangles, table of, 474 
Intercoolers for compressed air, construction 
of, 457 
area of surface of, chart for, 457 
formula for, 457 
Iron cast (see Cast iron). 
sheet, U. S. standard for thickness of, 224 
weight of, table of, 307 
wire strength of, table of, 229 
weight of, table of, 305 
wrought, strength of, 472 


graphical 


Jigs and fixtures, 278 
bushings for, table of, 285 
screws for, table of, 285 
self-locking cams for, 278 — 

Joints for steam boilers (see Boilers, steam). 
for steam engine cylinder covers, 433 
hydraulic (see Hydraulics). : 
knuckle, construction of, 236 
pipe (see Pipe joints). 
toggle, thrust in, 465 
universal (see Coupling, universal). 

Journals (see Bearings). 


Keys and keyways, 50 

dimensions of common, 50, 52 

the Brown & Sharpe, 53 

the Kennedy, 51 

the Nordberg, 50 

the Woodruff, 52 

weakening effect of, on shafts, 52 
Kilogram calories and British thermal units, 

conversion, table of, 403 

Knobs for machine tools, 280, 284 
Knuckle joint, construction of, 276 

dimensions of, table of, 286 


Lathe beds, design of, 3, 5 
Lathes, motors for, sizes of, table of, 335, 337 
Lead and pitch of screws defined, 210 
Lead plugs for measuring energy of hammer 
blows, 352 
Legs, three desirable, 5 
should not be at ends of frames, 5 
Lever, the floating, 309 
rocking, equal division of arc of vibra- 
tion, 314 
Limits, grinding, Brown & Sharpe practice 
with, table of, 298 
Link motion, parts of, dimensions of, 431 
Bilgram diagram for, 441 
Linkwork, velocity and force relations in, 310 
equal division of arc of vibration, 314 
Loads, heavy, moving, power required for, 
chart of, 352 
Logarithms, anti, table of, 503 
common, table of, 502 
hyperbolic, table of, 505 
Lubricant for press fits, 290, 296, 297 
Lubrication of ball bearings, 30 
of bearings, correct point for introduc- 
ing, 13 
film, breaking down point of film, 14 
conditions of, in bearings, 13 
design of bearings to secure, 15 
effect of, on wear, 14 
in thrust bearings, 28 


Machine parts, minor, 271 

screws (see Screws, machine). 

tools, ball cranks for, dimensions of, 280 
hand wheels for, dimensions of, 280 
handles for, dimensions of, 280, 284 
in groups, motors for, 347 

tables of, 346 

knobs for, dimensions of, 280, 284 
motors for, calculation of, 338 
motors for, sizes of, table of, 335 
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Malleable castings, properties of, table of, 365 
stress strain diagrams from, 366 
Mandrels, split ring expanding, taper for, 27 3 
Materials and constructions for resisting 
shock, 491 
of construction, strength of, table of, 472 
Mathematical tables, 501 
extending the range of, sor 
Mechanical powers, the, 464 
advantage, rules for, 464 
Mechanics, analytical, 464 
Mechanisms, differential, 464 
Measures and weights (see Weights and 
measures). 
Melting points of substances, table of, 404 
Metallic indicator paper, 322 
Metals, melting points of, table of, 404 
weight and specific gravity of, table of, 
395 
Metric system, British compound units, con- 
version table of, 499 
the case against, 495 
thermal units, conversion table of, 
403 
units of length, weight and capacity, 
conversion tables of, 496 
units of pressure, conversion table of, 
499 
units of work and power, conversion 
table of, 500 
units of value, conversion table of, 500 
Milling cutters, design of, 350 
machines, power constants for, table of, 
331 
motors for, sizes of, table of, 338 
power consumed by, charts of, 333 
tables of, 332, 333, 334 
Mills, boring, motors for, sizes of, table of, 335 
Minor machine parts, 271 
Miter gears (see Gears, bevel). 
Mixed numbers, squares of, finding, 526 
table of, 527 
Moment of inertia, formula for, 473 
of irregular figures, finding, graphical 
methods, 467, 469 
of rectangles, table of, 474 
Motion, accelerated, graphical expression of, 
466 
laws of, 466 
Motors, electric, adjustable speed, range and 
ratings for, table of, 345 
back gears for, ratios of, table of, go 
for centrifugal fans, calculating power 
of, 350 
sizes of, tables of, 350, 351 
for machine tools in groups, tables of, 
346, 347 
calculation of, 338 
sizes of, table of, 335, 342 
for power presses, sizes of, table of, 339 
for wood working = sizes of, 
table of, 339 
selection of, table to assist, 344 
standard, power, pulley sizes and belt 
speeds of, table of, 343 
ratings and data for geared connection, 
table of, 345 
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Moving heavy loads, power required for, 
chart of, 352 
Mule pulley stands, laying out, 58 


Naperian logarithms, table of, 505 
Narrow guide, the, 2 
Natural gas, power calculations for, formu- 
las for, 449 
Notes and clippings, filing, 321 
Numbers, table of prime factors of, 110 
mixed, squares of, finding, 526 
table of, 527 
Nuts (see Screws and bolts). 


Packing boxes, for steam engines, construc- 
tion of, 435 
hydraulic high pressure, dimensions of, 
243 
cup leather, friction of, 243 
cup leather, table of, 242 
friction of, 243 
leather ring, dimensions of, 242 
rings, snap piston, action of, 431 
dimensions of, chart of, 431 
Paper, metallic indicator, 322 
Pawls, silent, 277 
Pi (7), approximations of, sor 
factors and relations of, table of, 50r 
Pillars (see Columns). 
Pins, cotter, S.A.E. standard split, table of,274 
taper, correct use of, 274 
reamer drills for, table of, 275 
Pipe, 251 
Abendroth & Root flanges and fittings, 
table of, 265 
spiral riveted, table of, 260 
brass, seamless, weight of, table of, 396 
cast iron, thickness of, formulas for, 257 
tables for, 259, 260 
copper and brass, S.A.E. specifications 
for, 392 
copper, strength of, formula for, 258 
discharge of water in, at one ft. per sec., 
velocity, tables of, 235, 236 
double extra strong, internal diameters 
of, table of, 239 
table of, 251 
test pressure of, table of, 255 
equation or equalization of, formula for, 
256 
tables for, 258, 259 
extra strong, internal diameters of, table 
of, 239 
table of, 251 
test pressure of, table of, 255 
factor of safety in, 256 
fittings, friction of, chart for, 240 
formula for, 437 
loss of head by friction of water in, 
chart of, 240 
standard screwed, table of, 265 
strength of, bursting, table of, 257 
flanges and fittings, A.S.M.E. standard, 
258 
tables of, 261, 262, 264 
for high pressure hydraulic work, 
table of, 268 
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Pipe, flow of water in, chart for, 238 
formulas for, 234 
for steam engines, area of, 435 
hydraulic of large sizes, table of, 252 
joints Rapieff, 262 
for high pressure air, 266 
for high pressure hydraulic work, 246 
table of, 268 
for superheated steam, 267 
gasket, 259 
Van Stone, 267 
Walmaco, 267 
lead, strength of, rule for, 258 
length of, per sq. ft. of surface, table of, 
254 
lines, air, friction of, chart for, 456 
formula for, 453 
flow of water in, chart for, 238 
formula for, 437 
hydraulic grade line of, 239 
loss of head by friction of water in, table 
of, 237 
markings, A.S.M.E. standard, 267 
U.S. navy standard, 269 
precautions in laying, 239 
prevailing velocity of water in, 235 
steam, coverings for, 437 
cheap, 438 
steam, drop of pressure in, chart of, 436 
inclination of, 439 
loss of heat in, charts for, 438 
suction, should have air chambers, 247 
Pelton Water Wheel Co’s. hydraulic, 
table of, 270 
Standard block tin, table of, 252 
brass and copper, table of, 252 
British, table of, 254 
cold drawn seamless, bursting pres- 
sure of, table of, 255 
table of, 253 
drawn, bursting pressure of, table of, 
255 
table of, 251 
test pressure of, table of, 255 
large O. D., table of, 253 
lead, table of, 252 
square, table of, 252 
welded rectangular, table of, 253 
strength of, bursting, formula for, 251 
collapsing, charts for, 256, 257 
formulas for, 254 
threading machines, motors for, sizes of, 
table of, 336 
threads, tap drills for, table of, 216 
Piston rings, snap, action of, 431 
chart of, 431 
rod ends for steam hammers, taper for, 
374 
valves, construction of, 433 
Pitch and lead of screws defined, 210 
of gears, diametral, 94 
circular, 94 
chordal, 107 
Planers, beds for, design of, 5 
motors for, sizes of, tables of, 336, 342 
rotary, motors for, sizes of, table of, 3 36 
Planetary gears (see Gears, planetary). 


- Pneumatic tools, consumption of compressed 
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Plates, cast-iron floor, construction of, 316 
face, number of T slots in, 227 
flat, ribs for strengthening, 431 
strength of, formulas for, 484 


speeds, prevailing ratios, 89 
chart for, 80 
tables for, 85, 88 
graphical solution of, 80 
ratio of back gears, 81 
slide rule solution of, 82 
speed of countershaft for, 81 


Ports for steam engines, area of, 435 the high power or low ey i : 
Powers, mechanical, the, 464 Pumps, air lift, economy tests of, charts of, 


Press fits (see Fits, press). 462 : 
Presses, hydraulic, cylinders for, thickness of, construction of, 461 ; 
chart for, 241 consumption of compressed air by, 
formula for, 240 formula for » 461 ; 
packing boxes for, dimensions of, 243 Pumps, direct sit Menomena pc: of com- 
cup leather, friction of, 243 pressed air by, formula for, 460 
table of, 242 Punches and dies, clearance between, table of, 
forms of, 242 286 
friction of, 243 dimensions of, 284 
leather ring, dimensions of, 242 holders for, table of, 286 
motors for, sizes of, tables of, 336, 339 Punching machines, frames for, strength of, 
rams for, thickness of, chart for, 241 485 
formula for, 241 motors for, sizes of, table of, 336 
valves and fittings for, 244 power constants for, 348 
Presses, power, cutting capacity of, formulas pressure and work of, table and charts 
and chart for, 355 of, 349 
fly-wheels for, 75 
frames for, strength of, 485 
motors for, table of, 339 
pressure and work of, tables and charts 
of, 349 
Pressure area of poppet valves, effective, 316 
equivalents in various units, table of, 449 chart for, 241 
of atmosphere measured in various units, Ratchet, ball friction, 186 
230 Rawhide gears (see Gears, spur). 
per sq. in. converted into ft. head of Reamer drills for taper pins, table of, 275 
water, table of, 230 Reamers, fluted, dimensions of, table of, 289 
Prony brake (see Brakes). Reciprocals, table of, 537 
Pulleys, 62 Relations and factors of x, 501 
arc of contact of belts on, 56 Reservoirs (see Tanks). 
cast-iron, dimensions of, chart for, 64 Resilience, importance of, for resisting shock, 
formulas for, 62 401 
table of, 63 of steel, tables of, 492 
strength of, 62, 65 Revolution, solids of, weight of, 319 
comparative power of different materials Revolutions per minute and linear speeds, 
for, 56 table of, 525 
for countershafts, correct design of, 65 Rings, snap piston, action of, 431 
guide as substitutes for quarter twist dimensions of, chart of, 431 
belts, 56 Rivets for steam boilers (see Boilers, steam). 
height of crown of, chart of, 62 pressure required to drive, chart of, 350 
idler, correct use of, 56 Rock arms, design of, 5 
loose, lubricating with grease, 65 dimensions of, table of, 288 
self-oiling, 65 equal division of arc of vibration, 314 
mule, laying out, 58 Rod, eccentric, construction of, 274 
of different materials, comparative power Rod ends, taper, piston for steam hammers, 
of, 56 273 
overhung, design of, 63 
split, correct method of parting, 62 
surplus of face over belt width, chart of, 
62 
tight and loose, correct design of, 6 5 
Pulleys, cone, 80 
arithmetical solution of, 84 
construction to prevent belt climbing, 
82 
geometrical progression of speeds, 80 
Barth’s ratio, 89 


air by, table of, 460 
Polygons, computing, formulas and table 
for 53% 


Rack for bar stock, design of, 283 

Railroad clearances, American, chart of, 323 

Rails, cross, design of, 2 

Rams, hydraulic, delivery of, table of, 248 
press, thickness of, formula for, 241 


yoke and eye, dimensions of, table of, 
287, 288 
Roller bearings (see Bearings, roller). 
Rollers for cams, dimensions of, table of, 288 
Rolls, bending and straightening, motors for, 
sizes of, table of, 336 
Roots, cube, of binary fractions, table of, 533 
of whole numbers, table of, 537 
factoring method of finding, 523 
Square, finding those not given in 
tables, sor, 533 


Pulleys, cone, geometrical progression of 
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Roots, square, of binary fractions, table of, 533 
of whole numbers, table of, 537 
Ropes and rope driving, 150 
American and British practice com- 
pared, 150 3 
and belt drives, cost compared, 150 
brakes, 179 (see Brakes). é 
cotton and manilla, rival claims of, r50 
horse power of, tables of, 151, 152 
speed of, 151 
driving, efficiency of, 163 
drums, superior construction of, 155 
hoisting blocks, efficiency of, 152 
knots, efficiency of, 154 
hitches and bends, 153 
leather and steel belts, 
power of, 60 
manilla, grade for use in power transmis- 
sion, 151 
hoisting, working loads of, 152, 163 
most economical speed of, 150 
splicing, 152 
multiple and continuous wrap systems 
compared, 150 
relation of speed and first cost, chart of, 
I50 
sag between pulleys, table of, 151 
sheaves, cross section of, 151 
dimensions of arms, chart of, 64 
limiting diameters of, for fibrous rope, 
I51 
for wire rope, 160 
tension on slack side, table of, 151 
wire, durability of, 156 
hoisting, working loads of, 163 
materials of, 154 
splicing, 154 
standard, tables of, 157 
Rubber, india, properties of, 489 
Running fits (see Fits, running). 


comparative 


Safety valves for steam boilers (see Boilers, 
steam). 
Saws, motors for, sizes of, table of, 337 
Scale in steam boilers, loss of coal due to, 
chart of, 419 
Schiele curve for thrust bearings, 29 
Scleroscope and Brinell hardness numerals, 
table of, 377 
Screws, 210 
Acme and Brown & Sharpe threads com- 
pared, 220 
standard, table of, 212 
taps for, 289 
A.S.M.E. machine screw standard 
heads, tables of, 215 
table of, 214 
tap drills for, table of, 214 
Baldwin Locomotive Works system of 
taper, 217 
British Association standard, table of, 
212 
efficiency of, 210 
for jigs and fixtures, tables of, 285 
friction of, 210 
interference of with split nuts, 217 
lead and pitch of, 210 
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Screws machine, tap drills for, table of, 214 
metric standard, table of, 213 
pipe, tap drills for, table of, 216 
S.A.E. lock washer standard, table of, 
216 ; 
standard, strength of, table of, 216 
table of, 213 
tap drills for, table of, 213 
set, holding power of, 218 
stress on, due to initial and applied loads, 
210 
due to tightening nuts, 218 
U. S. standard, constants for bottom 
diameters, table of, 213 
strength of, table of, 211 
table of, 211, 212 
tap drills for, table of, 2x1 
V thread standard, 210 
Whitworth standard, table of, 212 
wire system of measuring, 218 
Seams for steam boilers (see Boilers, steam). 
Secants and cosecants, natural, table of, 506 
Sections, cross, A.S.M.E. standard for 
drawings, 321 
Segments, circular, area of, table of, 532 
of boiler heads, net area of, table of, 412 
Set screws, holding power of, 218 
Shaft couplings (see Couplings). 
Shafts, 43 
allowances and tolerances, Brown & 
Sharpe practice with, 297, 298 
C. W. Hunt Co’s. practice with, 299 
General Electric Co’s. practice with, 
298 
for grinding, Brown & Sharpe prac- 
tice with, 297 
angle of torsion of, chart for, 45 
formulas for, 44 
couplings for, clamp, table of, 279 
flanged, table of, 278 
flexible, table of, 279 
critical speed of, 45 
charts for, 47, 48, 40 
end play of, 26 
friction of fitted with ball bearings, 50 
with plain bearings, 50 
with roller bearings, 50 
hollow, strength and weight of, chart for, 
45 
strength of, formulas for, 44 
table of, 46 
power required to drive, 51 
strength of, chart for, 43 
formulas for, 43 
weakening effect of keyways on, 52 
Shaping machines, motors for, sizes of, table 
of, 337 
Shear and tension combined, chart of, 485 
Shearing machines, frames for, strength of, 
485 
motors for, sizes of, table of, 336 
power constants for, 348 
pressure and work of, table and charts 
of, 349 
Sheaves, rope, cross-sections of grooves in, 
151 
dimensions of, chart for, 64 
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Sheaves, rope, limiting diameters of, for 
fibrous rope, 151 
for wire rope, 160 
Shell blanks, diameters of, 320 
Shippers, improved, for belts, 61 
Shock, bolts under action of, 493 
forms and dimensions of, parts to resist, 
492 
materials and constructions for resisting, 
491 
resilience as a factor in resisting, 491 ~ 
Shop equipment, permissible cost of special, 
table of, 319 
Shrinkage of castings, table of, 472 
Shrink fits (see Fits, shrink). 
Shrouded gears (see Gears, spur). 
Sides and diagonals of squares, table of, 533 
Sines and cosines, natural, table of, 506 
Siphons, arrangement and capacity of, 248 
Skew bevel gears (see Gears, bevel). 
Slots, T, 276 
adapter for, 277 
in face plates, number of, 277 
Sellers standard, table of, 277 
Solids of revolution, weight of, 319 
Solution for blackening cam templets when 
laying out, 191 
blue print, 322 
Specific gravity and weight of materials, 
weight of, tables of, 395 
Speeds and diameters, chart of, 340 
table of, 525 
and revolutions per minute, table of, 
525 
feeds and volume of cut, chart of, 341 
geometrical progression of (see Pulleys, 
cone). 
Spheres, surface and volume of, table of, 536 
weight of, table of, 396 
Spiral gears (see Gears, helical). 
springs (see Springs). 
Springs, 197 
common defects in, 208 
elliptic, deflection of chart for, 205 
fiber stress in, 201 
strength and deflection of, formulas 
for, 201 
strength of, chart for, 204 
equalizing pressure of on cams, 196 
flat single leaf, strength and deflection 
of, formulas for, 201 
for use in salt water, 209 
helical, conical, formulas for, 200 
deflection of, chart for, 199 
double or triple, design of, 200 
fiber stress in, 197 
in torsion, deflection of,chart for, 202 
fiber stress in, 200 
strength and deflection of, formulas 
for, 200 
strength of, chart for, 201 
strength and deflection of, formulas 
for, 197 
strength of, chart for, 198 
Pennsylvania Railroad practice with, 208 
phosphor bronze, 209 
preliminary graphic design of, 197 
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Springs, spiral, deflection of, chart for, 207 


strength and deflection of, formulas 
for, 203 
strength of, chart for, 206 
steel, heat treatment of, and properties 
given, table of, 387 
properties and temper, chart of, 387 
suitable carbon content, 208, 387 
tempering, 208 
tempering, Cary process of, 209 
‘use of, for return motion of cams, 188 
Westinghouse practice with, 208 


Sprockets for cable chain, laying out, 164 


for Ewart chain, laying out, 167 
for roller chain, diameter of, formulas 
for, 170 
idler, 169 
material for, 170 
table of, 171 
tooth form, 170 


Spur gears (see Gears, spur). 
Square roots, factoring method of finding, 523 


finding those not given in tables, 501, 533 
of binary fractions, table of, 533 
of whole numbers, table of, 537 


Squares and circles of equal area, table of, 533 


largest in round stock, table of, 523 

of binary fractions, table of, 548 

of mixed numbers, finding, 526 
table of, 527 

of whole numbers, table of, 537 

sides and diagonals of, table of, 533 


Steam boilers (see Boilers, steam). 


engine (see Engine, steam). 
expansion ratios of, actual from theoreti- 
cal, table of, 427 
hammer piston rod ends, taper for, 273 
horse power per lb. of m.e.p., table of, 
427 
mean forward pressure of, chart of, 
426 
factors connecting actual and theo- 
retical, table of, 427 
table of, 426 
pipe joints, 267 
saturated, properties of, table of, 422 
superheated, properties of, table of, 423 


Steel, 368 


alloy, should be heat treated, 381 
bars, hexagon and octagon, weight of, 
table of, 396 
round and square, weight and area of, 
table of, 308 
carbon, properties of, charts of, 379 
S.A.E. specifications for, 378 
castings, S.A.E. specifications for, 381 
specifications of for U. S. navy, 371 
chromium, S.A.E. specifications for, 384 
vanadium, S.A.E. specifications for, 
385 
colors and temperatures of, tables of, 380 
composition and properties of, digest of, 
368 
flat sizes, weight of, table of, 397 
for cutting tools, carbon percentages in, 
table of, 372 
for resisting shock, 372, 491 
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Steel for steam boilers (see Boilers, steam). 
forging of, by presses and hammers, 369 
forgings, specifications of for U. S. 


navy, 371 
hardness tests, Brinell numerals, table 


of, 376 
scleroscope numerals, table of, 377 
heat treatment of, principles of, 374 
S.A.E. standard, table of, 387 
hoops or bands, weight of, table of, 400 
nickel, S.A.E. specifications for, 381 
nickel chromium, S.A.E. specifications 
for, 382 
plates, weight of, table of, 400 
resilience of, table of, 492 
S.A.E. classification of, 377 
sheets, weight of, table of, 397 
silico-manganese, S.A.E. specifications 
~ for, 386 
specifications, latitude necessary in, 371 
of, for various purposes, table of, 370 
spring, composition of, 208, 387 
heat treatment, Cary process of, 209 
heat treatment of, 208 
properties given, table of, 387 
properties and temper, chart of, 387 
suitable carbon content of, 208 
tempering, 208 
strength of, and hardness numerals, 
‘table of, 377 
table of, 472 
wire, strength of, table of, 229 
Step bearings (see Bearings, thrust). 
Stop, the Geneva, 313 
Streams, fire, effective, table of, 240 
Struts, design of, 6 
Stud, ball expansion drive, 315 
Studs for cam rolls, dimensions of, table of, 
287 
Stuffing boxes (see Packing boxes). 
Supports and frames, design of, 5 
location of, 5 
three desirable, 5 
Surfaces, wearing, equal and equalized, 1, 2 


Tangents and cotangents, natural, table of, 
506 
Tanks, capacity of horizontal cylindrical, 
tables of, 231, 232 
of rectangular, table of, 235 
of vertical cylindrical, table of, 234 
Tapers (see also Dovetails), 271 
and corresponding angles, table of, 273 
bolts, Baldwin Locomotive Works 
standard of, 217 
Brown & Sharpe standard, disks for 
originating, table of, 273 
table of, 272 
for steam hammer piston rods, 273 
Jarno standard, table of, 271 
Morse standard, disks for originating, 
table of, 273 
table of, 272 
of split ring expanding mandrels, 273 
originating, disk method, 273 
pins, correct use of, 274. 
reamer drills for, table of, 275 


Tapers, press fits (see Fits, press, taper). 
Reed standard, table of, 272 , 
Sellers standard, table of, 272 
Standard Tool Co.’s standard, table of, 

272 
total from taper per foot, table of, 274 

Taps, drills for (see Drills, tap). 
for Acme and square threads, 289 
speeds for, 359 

Tempering steel (see Steel). 

Tension and shear combined, chart of, 485 

Test pieces, A.S.T.M. standard, 478 
A.S.M.E. standard for boiler steel, 406 

Thermal units, British and metric, conver- 

sion table of, 403 
Thermometer scales, centigrade, defects of, 
401 
conversion formulas for, 401 
tables for, 401, 402 
Threading and tapping, speeds for, 359 
Thrust and torque of drills (see Drills and 
drilling). 
bearings (see Bearings, thrust). 
Ties, design of, 6 
Time velocities and heights of fall, relations 
of, tables of, 464 

Toggle joint, thrust in, 465 

Tolerances and allowances (see Fits, press and 

running). 

Tools, cutting, cube law of, Herbert’s, 358 
forms of, Taylor’s, 356 
pressure on, formula for, 324 

Taylor’s laws for, 324 
when cutting cast iron, chart for, 
325 
when cutting steel, chart for, 326 
speed, feed and volume of cut, chart 
for, 341 
speeds and feeds in average practice, 
chart of, 350 
in cast iron, Taylor’s, table of, 358 
in steel, Taylor’s, table of, 357 
steel for, carbon percentages in, table 
of, 372 
forming, design of, 281 
machine (see Machine tools). 
pneumatic, consumption of compressed 
air by, table of, 460 
special, permissible cost of, table of, 
319 

Torque and thrust of drills (see Drills and 

drilling). 

Torsion members, tubular, 3, 44 

Trigonometric functions, definitions of, 506 
formulas connecting, 506 
natural, table of, 506 
signs of, in the four quadrants, 507 

T slots, 276 
adapter for, 277 
in face plates, number of, 227 
Sellers standard, table of, 277 

Tubes for steam boilers (see Boilers, steam), 
for other purposes (see Pipe). 
for torsion members, 3, 44 


Universal coupling, the Baush, 309 
the Hooke, 309 


Valves, hydraulic, high pressure, 244 
piston, construction of, 433 
poppet, construction of, 441 
effective pressure area of, 316 
for air compressors, 459 
opening for given lift, formulas for, 442 


rotary for air compressors, 459 r 
safety for steam boilers (see Boilers, 
steam). 


slide, Bilgram diagram for, 439 
friction of, table of, 441 
Velocity and energy, loss of, relations of, chart 
of, 79 
and energy of 1 lb., relations of, chart 
of, 78 
and force relations in linkwork, 310 
height of fall and time, relations of, 
chart of, 464 
Volume of spheres, table of, 536 


Washers for foundation bolts, dimensions of, 
283 
lock, S.A.E. standard, 216 
Water, 230 
capacity of horizontal cylindrical tanks, 
table of, 231, 232 
of rectangular tanks, tables of, 235 
of vertical cylindrical tanks, table of, 
234 
coefficient of discharge of, table of, 230 
condensing for steam engines, table of, 
442 
discharge of, in pipes at 1 ft. per sec. 
velocity, tables of, 235, 236 
over weirs, formulas for, 239 
tables of, 239 
feet head of, converted into pressure per 
sq. in., table of, 230 
fire streams, effective, table of, 240 


INDEX 


Water, flow of, fundamental formula for, 230 
in pipes, chart for, 238 
formulas for, 234 
in pipe lines, hydraulic grade line, 239 
jets, spouting velocity and discharge 
of, table of, 234 
and horse power of, chart for, 231 
loss of head by friction in pipe fittings, 
chart of, 240 
in pipe, table of, 237 
power required to pump, chart of, 249 
precaution in laying pipe lines for, 239 
pressure per sq. in. converted into feet, 
head of, table of, 230 
velocities of, with corresponding heads 
and pressures, 236 
velocity of prevailing in pipe lines, 235 
weight, volume and pressure of, 230 
Wear, effect of equal length wearing surfaces 
on, I 
Weight and specific gravity of materials, 
table of, 395 
of brass, copper and aluminum bars, 
table of, 400 
of flat sizes of steel, table of, 397 
of fly-wheels for steam engines, coeffi- 
cients for, table of, 77 
formula for, 429 
of iron, brass and copper wire, table of, 
395 
of metal removed by drilling, table of, 
302 
of reciprocating parts of steam engines, 
formula for, 429 
of seamless brass tubing, table of, 396 
of sheet iron, steel, copper and brass, 
weight of, table of, 397 
of spheres, table of, 396 
of solids of revolution, 319 
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Weight of steam engines, total, formula for, 
429 
of steel hexagon and octagon bars, table 
of, 396 
hoops or bands, table of, 400 
plates, table of, 400 
round and square bars, table of, 398 
Weights and measures, 495 
British-metric, conversion tables of com- 
pound units, 499 
of units of length, weight and capac- 
ity, 496 
of units of pressure, 499 
of thermal units, 403 
of units of work and power, 500 
of units of value, 500 
metric system, the case against, 495 
U. S. and British compared, 495 
Weirs, discharge of water over, formulas for, 
239 
table of, 239 
Wheels, hand, dimensions of, 280 
fly (see Fly-wheels). 
Wire, copper, brass, etc.. standard gage for, 
220 
gages (see Gages). 
iron, brass and copper, weight of, table 
of, 395 
rope (see Rope). 
sizes and properties of, table of, 225 
steel, standard gage for, 224 
strength of, table of, 229 
Wood working machines, motors for, sizes of, 
table of, 330 
Worm gears (see Gears, worm). 
Wrenches, dimensions of, 279, 281, 284 


Yoke and eye rod ends, dimensions of, tables 
of, 287, 288 


ll 


—————___} 


II 


| 


2051 


mn 


{ll 


| 3 


Wet BF 


Date D 


ee. Bll Pla ||| 


A BNI 


fe 
AS 
2S 


ire) 
t 
ise) 
loz} 
nN 
io) 
[3) 


JAN 17 {975 


DY 


An 


LIBR 


ee ee ae 2 A GE CF 


INDEX TO MAJOR TOPICS 


EETORTT MS os a) hy or, bx iene Newson cha 461 Mechanical Principles of Design....................... an 
0) are eer tes ah ia tne, 390 Mechanien Ce Mite. Baan Oe, eee 464 
Areas and Circumferences of Circles........ 537, 544, 548, 549 Metric: Conversion’ Lables... .e.icnnec. ove cna bee 496 
Back Gears and Cone Pulleys............ AS URE A Cee eee 80 Miser Machine Parts. 44). $37 biadass ce sohhen da eas) hee 271 
mmencing Machine Parts. .............00cccececscecees 300 Miscellaneous Mechanisms, Construction and Data...... 308 
Ball Bearings RU ty Ne, Nous daca KT oeie HAS TRE hee wk law Gud 30 Momentiofinertia. a3. 0. bent oes tikes oe ca tire 467, 473 
eso Ai at Se aS 472 Motors’ for Machine Tools.sc.. cs acs cee encdeh ewes 335 
US nt Ul ST a Eee ee ar 54 Pipe and ‘Pine “Tointss sae.0 see Re oe ee 251 
Eg SEA a SS 113 Plain or. Sliding Bearings... ¢... a Mi bany boc + Bevan 8 
MEIN OU ONG. GCTOWE. 0. cc ce cock cece eenwccees 210 Pheumatic Tools assesses ac. ates oe oe ee 459 
TOSS 6 oir gig aS ce rr rr rr 175 POLY RONS <a, car eens 5 ie ae ee ee 531 
UES Ss cosy Bitiac GB tray Gee ae ae 188 Power Requirements of Tools..................0.0000- 324 
SU LGBT 9 Rid tno s acgrstu tate ea 361 Press and Running Pitsee..ccsocer none okie eee ee 290 
ereEeeE IPORECST A CIUY ou ricits re Or SOR Als ais bie Soe he is hams 466 Pulleysiand Belts i: core ciis ns. o0hh vets nok eee ee ee 54 
BIER PELIDA TRUE CO Ma Ole Rite hein kh .whg ca bs de tes nate the 466 Railroad Clearances .cias.0s bs cna cs See eee 323 
Suains and CheimeDriviag: oo. i... 5.0... cee eee estas 164 Resilience of Steel we hse sco se tne Coe ee eee 492 
Oh alee 0 ee RPE EES eh 9 482 Roller: Bearings eels soc cake on eee Cee 30 
IN Ee eh LF no cs oe LOC eh ween 449 Ropes and Rope Driving...... Seppe. PO hr ey See 150 
Cone Pulleys and Back Gears......................0.. 80 Running and PressiNite.. as. 3.5 ee ee ee 290 
Cost of Special Shop Equipment....................... 318 Walety: Valves yn). hedee a ooe cides sen ae eee 416 
Re PR te IEE Se woe kes 8 Slew wins Guanes sabe Bee 537) 548 Screws, Bolts "and Nuts... 20; ocnvs. si sonls ates weet eee 210 
EMPTOR KORE Shani Mie an oa tals «sai ae males 533,537 ShaftsiandiKeye! hss, ceca estate aio re eee 43 
emer Tietee Rie] EVA LOTUS cca noc. sre se cobra ota baie wie woeis ss 526, 535 Sheet’ Metaliand Wite. ..5. /.s0g)c ss aes Lee ee 221 
REPU UPPER HE Fic cba s civicie © Five wie o's tis 8 64,8, 8 910 8 8 8 466 Shell Blanks ae ran ceManaucae s,s lectin coone misepetnen cee he ay at eee 320 
vo Fre SME os a age ee Oe ees ar oe 465 Shock! Resistance@:< 2. ci. aves sisisieib = atulccn apn oe oer te ee 491 
RERUN Rte ptt cps wie iar S a wie sual s vee wis See ce Fre 483 Slide Valve: dacs cans macau Miawls eiete acai gine ae nee 439 
MURINE A EA CEREMONY OL eras oe ola Sis due vigor rei ais aleials wees WME wie dao 308 Solids: of Revolution joc%cuacs' si sie a. canta saute en ee 319 
OG SEU LEE a bark US en es a ae a 67 SO HELOS Meets eect saree Geese Hote e arene a 396, 536 
PP MTMMEET EEC TIOD Mos ask He A Aires tee SNe ae.0 | Vivien FS 182 Spiral: Gears. ois gcc ave 28s wa wise sre re ero 138 
be AFIS) USCS yy es en a eee ea a 126 Spur Gear oo. 6. ciorsss ss ayaa arcuate wletasetlesie ete eteaeyer ae eee 93 
CPi TUS Ue) aE 0S ee ee 444 Springs. aro cacels gure o5e ais pod enelernnye le p aaa pean eae 197 
EIS MMSE A MTA ge ain ores wo ocece seca pia way Patese s 313 Square Rootsiccr caster ye ohopele vice a nee te ee 533, 537 
ee ees pie ae oo. viedo ois so tne 401 SQUAreg ase cdacn ate eee oars taht be nea 526, 533, 537, 548 
RBH teLTOMtMONt OF StOOlcc: ice go rs 66s eee ee ev eds 374 Steet c.Gors s Maat aires Siok ohare eee Eke ante nee 422 
WARIS AL MSCAIGIMM Ee an io ris ee ely hop etet pends hore 80 138 Steam Boilers i740 suse. cee 2s > rk ence nee ere 405 
SPRAIN ET CANG rE NENS Gc 2 Gh SP ghlh ce os 50 2 49), vias lars 155 FORA ENGIN Foe: aew wi geal ssid kves ain en ey cy 422 
Hoisting Hooks and Lifting Eyes...................... 486 Btwelsc ccs shed ec Lack a wanting, Uehara ee eae 368 
Hydraulics and Hydraulic Machinery................... 230 Strength of Machine Parts ...:..., <0 cic.0 mies ne ane 472 
Hyperbolic Logarithms.............--. 2s scree e eee eees 505 Thermometer SCALES sicko 6 os cu ds als wield le teense ieee 401 
MUS ONG PODBI ow 5 teehee eee cece eees 43 Trigonomoettic RUnCHONS.,.2...0.00>aun oo eee ener 506 
MMMM ETSIGIE Cie cian Giese ree c= o Ales aha ea Peale s oe deba 440 Universal: Cotpling icc. vera. sso wae cr ei on er 308 
SE ICWOLEM PRT Ceara oh sie ctf masscais 6 4 blade oe eine © 310, 314 Welehitvol Materials. . 65.1% 9 ce bots ieseye ane» ¢ oud'y ae penn 305 
MUSGALICIINS iy 6a ives crore ss cic wae are ane oF eee aes 502 Weights and Measures......0.. 00s seen eesteeesey aed 495 
EAT EMILON oe. tics conch ON so oA ols dele GUsmh wise 365 Wire ATG PH OOL LM OCA iia urcs.c ol susielé Wiese veage ove aimee eens 221 


Mathematical Tables............... 0. cece e ee eeeeneee 501 WioriGeathccte. ph dtles bs <x them acoso enue sienna 130 


sid} 
erry 
HETIL ELE 


ai 


Fis 
Pe tias 


# Pre, 
Be 


ak 
Sitiaid 
ath 
yet 
53 i 


“ Havent 4h 


Sageetaeds. 


eM Roath el at hratscnpates 
ae bihbhbee ies Srkiotetahe 
Fy Panes 


Soe Fp] 
Se 
ese ett 


qe 


ae 
thet hs 
ahs 
akihtrhh tet 
Rissuecyhiacday 


Pereetesenreres 
seer ere rars 


roan, 


